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OBJECTS AND RULES 


OF 

THE ASSOCIATION. 


OBJECTS. 

The Association contemplates no interference with the ground occupied by 
other institutions. Its objects are : — To give a stronger impulse and a more 
systematic direction to scientific inquiry, — to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one 
another and with foreign philosophers, — to obtain a more general attention 
to the objects of Science, and a removal of any disadvantages of a public land 
which impede its progress. 


RULES. 

Admission of Members and Associates . 

All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Rules. 

The Eellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not brbuiginjr to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. 

Compositions } Subscriptions , and Privileges. 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be pub- 
1876 . b 
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lished after tlie date of such payment. They are eligible to all the offices 
of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receivo 
gratuitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
future years the privilege of receiving the volumes of the Association gratis: 
but they may resume their Membership and other privileges at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They are eligible to all the Offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Live Pounds as a composition. 

2. Life Members who in 1840, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
termission of Annual Payment. J 

4. Annual Members admitted in any year since 1839, subject to the pay- 
ment of Two Pounds for the first year, and One Pound in each following year. 
[May resume their Membership after intermission of Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will bo entitled to receive the annual 
volume of Beports, gratis , or to purchase it at reduced (or Members’) price, 
according to the following specification, viz. : — 

1 . Gratis. — Old Life Members who have paid Pive Pounds as a compo- 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, a 
further sum of Pive Pounds. 

!New Life Members who have paid Ten Pounds as a composition. 

Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At reduced or Members'’ Pnces , viz. two thirds of the Publication 

Price. — Old Life Members who have paid Pive Pounds as a 
composition for Annual Payments, but no further sum as a 
Book Subscription. 

Annual Members who have intermitted their Annual Subscription. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of completing their sets) any 

of the first seventeen volumes of Transactions of the Associa- 
tion, and of which more than 100 copies remain , at one third of 
the Publication Price. Application to be made at the Office 
of the Association, 22 Albemarle Street, London, W. 
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Volumes not claimed within two years of the date of publication cm only 
be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 


Meetings . 

The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be appointed by the General Committee two years in 
advance ; and the Arrangements for it shall be entrusted to the Officers of 
the Association. 


General Committee . 

The General Committee shall sit during the week of the Meeting, or 
Longer, to transact the business of the Association. It shall consist of the 
following persons : — 

Class A. Permanent Members. 

1. Members of the Council, Presidents of the Association, and Presidents 
of Sections for the present and preceding years, with Authors of lteports in 
the Transactions of the Association. 

2. Members who by the publication of Works or Papers have furthered 
the advancement of those subjects which are taken into consideration at the 
Sectional Meetings of the Association. Willi a view of submitting new claims 
under this Hide to the decision of the Council , they must he sent to the Assistant 
General Secretary at least one month before the Meeting of the Association. 
The decision of the Council on the claims of any Member of the Association to 
be placed on the list of the General Committee to be final. 

Class B. Temporary Members. 

1, The President for the time being of any Scientific Society publishing Trans- 
actions or, in his absence, a delegate representing him. Claims under this Huh 
to be sent to the Assistant General Secretary before the opening of the Meeting. 

2. Office-beareis for the time being, or delegates, altogether not exceeding 
three, from Scientific Institutions established in the place of Meeting. 
Claims under this Hule to be approved by the Local Secretaries before the 

n 'ma of th . Meeting. 

2. 1 on n m i n and other individuals whose assistance is desired, and who 
are specially nominated in writing, for the Meeting of the year, by the Pre- 
sident and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 

Organizing Sectional Committees *. 

The Presidents, Vice-Presidents, and Secretaries of the several Sections 
are nominated by the Council, and have power to act until their names are 
submitted to the General Committee for election. 

From the time of their nomination they constitute Organizing Committees 
for the purpose of obtaining information upon the Memoirs and lteports 
likely to be submitted to the Sections and of preparing Reports thereon, 

* Parsed by the General Committee, Edinburgh, 1871. 

t Notice to Contributors of Memoirs .— Authors are reminded that, under an arrange- 
ment dating / rom 1871, the acceptance of Memoirs, and tho days on which they are to be 
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and o$ the order in which it is desirable that they should be read, to be pre- 
sented to the Committees of the Sections at their first Meeting. 

An Organizing Committee may also hold such preliminary Meetings as the 
President of the Committee thinks expedient, but shall, under any circum- 
stances, meet on the first Wednesday of the Annual Meeting, at 11 a.m., to 
settle the terms of their Iteport, after which their functions as an Organizing 
Committee shall cease. 


Constitution of the Sectional Committees *. 

On the first day of the Annual Meeting, the President, Vice-Presidents, 
and Secretaries of each Section having been appointed by the General Com- 
mittee, these Officers, and those previous Presidents and Vice-Presidents of 
the Section who may desire to attend, are to meet, at 2 p.m., in their Com- 
mittee llooms, and enlarge the Sectional Committees by selecting individuals 
from among the Members (not Associates) present at the Meeting whose as- 
sistance they may particularly desire. The Sectional Committees thus con- 
stituted shall have power to add to their number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute-Book, 
and a copy forwarded without delay to the Printer, who is charged with 
publishing the same before 8 a.m. on the next day, in the Journal of the 
Sectional Proceedings. 


Business of the Sectional Committees. 

Committee Meetings are to be held on the Wednesday at 2 p.m., on the 
following Thursday, Friday, Saturday, Monday, and Tuesday, from 10 to 
11 a.m., punctually, for the objects stated in the Buies of the Association, 
and specified below. 

The business is to be conducted in the following manner : — 

At the first meeting, one of the Secretaries will read the Minutes of last 
year’s proceedings, as recorded in the Minute-Book, and the Synopsis of 
liecommcndations adopted at the last Meeting of the Association and printed 
in the last volume of the Transactions. He will next proceed to read the 
Iteport of the Organizing Committee +. The List of Communications to be 
read on Thursday shall be then arranged, and the general distribution of 
business throughout the week shall be provisionally appointed. At the close 
of the Committee Meeting the Secretaries shall forward to the Printer a List 
of the Papers appointed to be read. The Printer is charged with publishing 
the same before 8 a.m. on Thursday in the Journal. 

On the second day of the Annual Meeting, and the following days, the 

read, are now as far as possible determined by Organizing Committees for the several 
Sections before the beginning of the Meeting. It has therefore become necessary, in order 
to give an opportunity to the Committees of doing justice to the several Communications, 
that each Author should prepare an Abstract of his Memoir, of a length suitable for in- 
sertion in the published Transactions of the Association, and that he should send it, toge- 
ther with the original Memoir, by book-post, on or before addressed 

thus — “General Secretaries, British Association, 22 Albemarle Street, London, W. For 

Section ” If it should be inconvenient to the Author that his Paper should be read 

on any particular days, he is requested to send information thereof to the Secretaries in a 
separate note. 

* Passed by the General Committee, Edinburgh, 1871. 
t This and the following sentence were added by the General Committee, 1871. 
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Secretaries are to correct, on a copy of the Journal, tho list of papers which 
have been read on that day, to add to it a list of those appointed to be read 
on the next day, and to send this copy of the Journal as early in the day as 
possible to the Printers, who are charged with printing the same before 8 am. 
next morning in the Journal. It is necessary that one of the Secretaries of 
each Section should call at the Printing Office and revise the proof each 
evening. 

Minutes of the proceedings of every Committee are to be entered daily in 
the Minute-Book, which should be confirmed at the next meeting of the 
Committee. 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished by Authors , are to be forwarded , at the close of the Sec- 
tional Meetings , to the Assistant General Secretary. 

The Yice- Presidents and Secretaries of Sections become ex officio temporary 
Members of the General Committee (vide p. xix), and will receive, on ap- 
plication to the Treasurer in the liccejfiion Boom, Tickets entitling them to 
attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association and the communi- 
cations made to the Sections at this Meeting, for the purposes of selecting 
definite points of research to which individual or combined exertion may be 
usefully directed, and branches of knowledge on the state and progress of 
which Reports are wanted ; to name individuals or Committees for the exe- 
cution of such Reports or researches ; and to state whether, and to what de- 
gree, these objects may be usefully advanced by the appropriation of the 
funds of the Association, by application to Government, Philosophical Insti- 
tutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, it is 
expedient that all Members of the Committee should be named , and one of 
them appointed to act as Secretary, for insuring attention to business . 

Committees have power to add to their number persons whose assistance 
they may require. 

The recommendations adopted by the Committees of Sections are to be 
registered in the Forms furnished to their Secretaries, and one Copy of each 
is to be forwarded, without delay, to the Assistant General Secretary for pre- 
sentation to the Committee of Recommendations. Unless this be done, the 
Recommendations cannot receive the sanction of the Association. 

N.B. — Recommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Sectioii before they can be 
referred to the Committee of Recommendations or confirmed by the General 
Committee. 


Notices Regarding Grants of Money . 

Committees and individuals, to whom grants of money have been entrusted 
by the Association for the prosecution of particular researches in Science, 
are required to present to each following Meeting of the Association a Report 
of the progress which has been made ; and the Individual or the Member first 
named of a Committee to whom a money grant has been made must (pre- 
viously to the next meeting of the Association) forward to the General 
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Secretaries or Treasurer a statement of the sums which hare been expended, 
and the balance which remains disposable on each grant. 

Grants of money sanctioned at any one meeting of the Association expire 
a week before the opening of the ensuing Meeting; nor is the Treasurer 
authorized, after that date, to allow any claims on account of such grants, 
unless they be renewed in the original or a modified form by the General 
Committee. 

No Committee shall raise money in the name or under the auspices of the 
British Association without special permission from the General Committee 
to do so ; and no money so raised shall be expended except in accordance 
with the rules of the Association. 

In each Committee, the Member first named is the only person entitled to 
call on the Treasurer, Professor A. \V. Wi11iuium>ii, University College, London, 
W.C., for such portion of the sums granted as may from time to time be 
required. 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the continua- 
tion of Researches at the cost of the Association, the sum named is deemed 
to include, as a part of the amount, whatever balance may remain unpaid on 
the former grant for the same object. 

All Instruments, Papers, Drawings, and other property of the Association 
are to be deposited at the Office of the Association, 22 Albemarle Street, 
Piccadilly, London, W., when not emploj^ed in carrying on scientific inquiries 
for the Association. 


Business of the Sections . 

The Meeting Room of each Section is opened for conversation from 10 to 
11 daily. The Section Rooms and approaches thereto can be used for no notices, 
exhibitions , or other purposes than those of the Association. 

At 11 precisely the Chair will he taken, and the reading of communica- 
tions, in the order previously made public, be commenced. At 3 p.m. the 
Sections will close. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications de- 
livered in may render such divisions desirable. 

A Report presented to the Association, and read to the Section which 
originally called for it, may bo read in another Section, at the request of the 
Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers . 

1. — To remain constantly at the Doors of the Rooms to which they are ap- 

pointed during the whole time for which they are engaged. 

2. — To require of every person desirous of entering the Rooms the exhibi- 

tion of a Member’s, Associate’s or Lady’s Ticket, or Reporter’s Ticket, 
signed by the Treasurer, or a Special Ticket signed by the Assistant 
General Secretary. 

3. — Persons unprovided with any of these Tickets can only be admitted to 

any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the Asso- 
ciation whose names are printed. 
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Duties of the Messengers . 

To remain constantly at the ltooms to which they are appointed, during 
the whole time for which they are engaged, except when employed on mes- 
sages by one of the Officers directing these ltooms. 

Committee of Recommendations . 

The General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the liecommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to he adopted for the advancement of Science. 

All liecommendations of Grants of Money, Jtequcsts for Special Researches, 
and Reports on Scientific Subjects shall be submitted to the Committco of 
Recommendations, aud not taken into consideration by the General Committee 
unless previously recommended by the Committee of Recommendations. 


Local Committees . 

Local Committees shall be formed by the Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire. 


Officers. 

A President, two or more Vice-Presidents, one or more Secretaries, and a 
Treasurer shall be annually appointed by the General Committee. 


Council . 

In the intervals of the Meetings, the affairs of the Association shall be ma- 
naged by a Council appointed by the General Committee. The Council may 
also assemble for the despatch of business during the week of the Meeting. 

Papers and Communications . 

The Author of any paper or communication shall be at liberty to reserve 
his right of property therein. 

Accounts . 

Tho Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 
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REPORT 1876. 


Presidents and Secretaries of the Sections of the Association . 


Date and Place. Presidents. Secretaries. 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OE SCIENCES, I. MATHEMATICS AND GENERAL MYSTCS. 

1832. Oxford. .. Davies Gilbert, D.C L., F.R.S. iRev H. Coddmgton. 

1833. Cambridge Sir D. Brewster, F.R S Prof. Forbes. 

1834. Edinburgh Rev. W. Whewell, F.R.S |Prof. Forbes, Prof. Lloyd. 

SECTION A. MATHEMATICS AND PHYSICS. 

1835. Dublin...,. Rev. Dr Robinson Prof Sir W. R. Hamilton, Prof. 

Wheatstone. 

1836. Bristol Rev. William Whewell, F.R.S ... Prof Forbes, W. S. Harris, F. W. 

Jerrard. 

1837. Liverpool . . Sir D. Brewster, F.R.S W. S. Harris, Rev. Prof. Powell, Prof. 

Stevelly. 

1838. Newcastle.. Sir J. F. W. Ilerschel, Bart., Rev. Prof. Chevallicr, Major Sabine, 

F.R.S. Prof. Stevelly. 

1839. Birmingham Rev. Prof. Whewell, F.R S J. D. Chance, *W. Snow Harris Prof. 

Stevelly. 

1840. Glasgow . . . Prof. Forbes, F.R.S Rev. Dr. Forbes, Prof. Stevelly, Arch. 

Smith. 

1841. Plymouth Rev. Prof. Lloyd, F.R S Prof Stevelly. 

1842. Manchester Very Rev. G. Peacock, D.D., Prof. M‘Cuilocli, Prof. Stevelly, Rev. 

F.R.S. W. Scoresby. 

1843. Cork Prof. M‘Culloch, M.R T.A J. Nott, Prof. Stevelly. 

1844. York The Earl of Rosse, F.R S. ... Rev. Win Hey, Prof Stevelly. 

1845. Cambridge . The Very Rev. the Dean of Ely . Rev. H Goodwin, Prof. Stevelly, G. 

G. Stokes 

1846. Southampton Sir John F. W. Herschel, Bart., John Drew, Dr. Stevelly, G. G. 

F.R.S. Stokes. 

1847. Oxford Rev. Prof. Powell, M.A., F.R.S. . Rev. II. Price, Prof. Stevelly, G. G. 

Stokes. 

1848. Swansea . . . Lord Wrottesley, F.R S Dr Stevelly, G. G. Stokes. 

1849. Ihri'i.i'ulinn. \\ illi mi Hopkins, F.R.S Prof. Stevelly, G. G. Stokes, W. 

Ridout Wills. 

1850. Edinburgh .. Prof J. D. Forbes, F.R.S., Sec. W. J. Macquorn Rankine, Prof Smyth, 

R.S E. Prof. Stevelly, Prof. G. G. Stokes. 

1851. Ipswich Rev. W. Whewell, D.D., F.R.S., S. Jackson, W. J. Macquorn Rankine, 

&c. Prof Stevelly, Prof. G. G. Stokes. 

1852. Belfast Prof. W. Thomson, M.A., F.R.S. Prof. Dixon, W. J. Macquorn Ran- 

L. & E. kine, Prof. Stevelly, J. Tyndall. 

1853. Hull The Dean of Ely, F.R.S B. Blaydes Haworth, J. D. Sollitt, 

Prof Stevellv, J. Welsh. 

1854. Liverpool ... Prof. G. G. Stokes, M.A., Sec. J. Hartnup, H. G. Puckle, Prof. 

R.S. Stevelly, J. Tyndall, J. Welsh. 

1855. Glasgow .. Rev. Prof. Kelland, M.A., F.R S. Rev. Dr. Forbes, Prof. D. Gray, Prof, 

L. & E. Tyndall. 

1856. Cheltenham Rev. R. Walker, M.A., F.R.S. . C. Brooke, Rev. T. A. Southwood, 

Prof. Stevelly, Rev. J. C. Turnbull. 

1857. Dublin Rev.T. R. R-. !■■■ ■ DD.FR^ ?:■ ■: Curtis, Prof. Hennessy, P. A. 

M. R.I.A. .Nmnis, W. J. Macquorn Rankine, 

Prof. Stevelly 

1858. Leeds Rev. W.WIiewell,D.D., V.P.R.S. Rev. S, Earnshaw, J. P. Hennessy, 

Prof. Stevelly, H. J. S. Smith, Prof. 
Tyndall. 
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Hate and Place. 

1859. Aberdeen ... 

1860. Oxford 

1861. Manchester. 

1862. Cambridge.. 

1863. Newcastle. 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee 

1868. Norwich .. 

1869. Exeter .... 

1870. Liverpool . . 

1871. Edinburgh . 

1872. Brighton ... 

1873. Bradford ... 

1874. Belfast 

1875. Bristol 

1876. Glasgow .. 


Presidents. 


Secretaries. 


The Earl of Rosse, M.A., K.P., 
F.R.S. 

Rev. B. Price, M.A., F.R.S 

G. B. Airy, M.A., D.C.L., F.R.S. 

Prof. G. G. Stokes, M.A., F R.SJ 

Prof. W. J. Macquorn R.ni\iM' 
C.E , FRS. 

Prof. Cayley, M.A., F.R.S , 
F.R.A S. 

W. Spottiswoode, M.A., F.R.S., 
F.R.AS. 

Prof. Wheatstone, D.C.L., F.R S 

Prof. Sir W. Thomson, D.C.L , 
F.R S. 

Prof. J. Tyndall, LL.D., F.R.S... 

Prof. J. J, Sylvester, LL T) J 
F Ti S 1 

|J. Clerk Maxwell, M A., LL D.J 
F.R.S. | 

Prof. P. G. Tait, F.R.S.E 


W. l)e La Rue, D.C.L , F.R S... 

Prof. II. J. S. Smith, F.R.S 

Rev. Prof. J. H. Jellett, M.A , 
M R.l.A. 

Prof. Balfour Stewart, M A , 
LL D , F.R S. 

Prof. Sir W. Thomson, M.A., 
D.C.L., F.R.S. 


J. P. Hennessy, Prof. Maxwell, H. J. S. 

Smith, Prof. Stevelly. 

Rev. G. C. Bell, Rev. T. Renmson, 
Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

Prof R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

T?i \ N Ferrers, Prof. Fuller, F.Jenkin, 
Proi. Sleveliy, Rev. C. T. Whitley. 
Prof. Fuller, F. Jenkm, Rev. G. 

Buckle, Prof. Stevelly 
jRev. T. N. Hutchinson, F. Jenkm, G. 

S. Mathews, Prof. H. J. S. Smith, 
J. M. Wilson. 

Th Jenkin, Prof. H. J. S. Smith, 

Itov N. Swarm. 

Rev. G. Buckle, Prof. G. C. Foster, 
Prof Fuller, Prof. Swan, 
j Prof. G. C. Foster, Rev. R. Harley, 
R. B. Hayward. 

Prof G. C. Foster, R. B. Hayward, 
W. K. Clifford. 

Prof. W. G. Adams, W. K. Clifford, 
Prof. G. C. Foster, Rev. W. Allen 
Whitworth 

Prof. W. G. Adams, J. T. Bottomley, 
Prof. W. K. Clifford, Prof. J. D. 
Everett, Rev. R. Harley. 

Prof W.K Clifford, J.W.L Glaisher, 

| Prof A. 8. H erschel, G. F. Rod well. 
Prof W K. Clifford, Prof. Forbes, J. 

W L. Glaisher, Prof. A. S.Herschel. 
|J W. L Glaisher, Prof. Hersehel, 
Randal Nixon, J. Perry, G. F. Rod- 
well. 

Prof W. F. Barrett, J.W. L Glaisher, 
C T Hudson, G. F RodwelL 
Prof W. F. Barrett, J. T. Bottomley, 
Prof. G. Forbes, J. W. L. Glaisher, 

T. Muir. 


CHEMICAL SCIENCE. 


COMMITTEE OF SCIENCES, II. — CHEMISTRY, MINERALOGY. 


] 832. Oxford . . 

1833. Cambridge. 

1834. Edinburgh.. 


John Dalton, D.C.L., F.R.S. . . 
John Dalton, D.C.L., F.R S. . 
Dr. Hope 


[James F. W. Johnston. 
jProf. Miller. 

| Mr. Johnston, Dr. Christison. 


SECTION B. — CHEMISTRY AND MINERALOGY. 


1835. Dublin . ... 

1836. Bristol 

1837. Liverpool.. 

1838. Newcastle... 


Dr. T. Thomson, F.R.S 

Rev. Prof. Cumming 

Michael Faraday, F.R.S 

Rev. William Wheweil, F.R.S.... 


Dr. Apjohn, Prof. Johnston. 

Dr. Apjohn, Dr. C. Henry, W. Hera- 
path. 

Prof. Johnston, Prof. Miller, Dr. 
Reynolds. 

Prof. Miller, R. L. Pattinson, Thomas 
Richardson. 
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It K POUT — 1 87 (). 


Date and Place. Presidents. | Secretaries. 

1839. Birmingham Prof. T. Graham, F.R.S. ' ' Bird, M.D , Dr J. B. Melson. 

1840. Glasgow ... Dr. Thomah Thomson, F.' D. Thomson, Dr. T. Clark, 

| Dr. L. Playfair. 

1841. Plymouth.. Dr. Daubeny, F.E.S J. Pndeaux, Eobert Hunt, W. M. 

{ Tweedy. 

1842. Manchester. John Dalton, D.C.L , F.E.S... . Dr L. Playfair. E. Hunt, J. Graham. 

1843. Cork Prof. Apjohn, M.E.I.A jR. Hunt, Dr. Sweeny. 

1844. York Prof. T. Graham, F.E.S 'Dr. R. Playfair, E. Solly, T. II Barker. 

1845. Cambridge.. Rev. Prof. Cumming R. Hunt, J. P. Joule, Prof. Miller, 

! E Solly. 

1846. Southampton Michael Faraday, D.C.L , F.E S |Dr Miller, R. Hunt, W. Randall 
H47. Oxford Rev.W.YJIarcourt, M.A., F.R.S |B. C Brodie, E. Hunt, Prof Solly. 

1848. Swansea .. Richard Phillips, F.E S T. If. Henry, E. Hunt, T. Williams. 

1849. llirmiugh mi John Percy, M.D., FIlS . ... R Hunt, G Shaw 

1850. Edinburgh . Dr. Christison, V.P.E.S E ;Dr. Anderson, E. Hunt, Dr. Wilson. 

1851. Ipswich . Prof. Thomas Graham, F.E S. . jT. J. Pearsall, W. S. Ward. 

1852. Belfast . . Thomas Andrews, M.D., F E.S. .jDr. Gladstone, Prof. Hodges, Prof. 

j Ronalds. 

1853. Hull Prof. J. F. W. Johnston, M A.. II. S Blundell, Prof. E Hunt, T. J. 

F R.S. Pearsall. 

1854. Liverpool.. Prof W A Miller, M D , F R S ,Dr Edwards, Dr. Gladstone, Dr. Price. 

1855. Glasgow ... Dr. Lyon Playfair, C.B., F E.S. .jProf Frankland, Dr. H. E. Eoscoe. 

1856. Cheltenham Prof. B. C. Brodie, F.E.S. . . !J. Horsley, P. J. Worsloy, Prof. 

Voelckor. 

1857. Dublin . ...Prof. Apjohn, M.D, F.E S., Dr Davy, Dr. Gladstone, Prof. Sul- 

ME! A i livan. 

1858. Leeds Sir J. F. W. Herschel, Bart., Dr Gladstone, W Odling, R Eey- 

D C.L. I nolds. 

1859. Aberdeen. Dr Lyon Playfair, C.B., F R.S. J S. Brazier, Dr. Gladstone, G. D. 

i Livemg, Dr Odling 

1860. Oxford Prof. B. C. Brodie, F.E S. . I A Vernon Harcourt, G D. Livemg, 

i A. B. Northcote. 

1861. Manchester. Prof. W. A. Miller, M D., F R.S ;A. Vernon Harcourt. G. D T ’ _ 

1862. Cambridge Prof. W. A. Miller, M.D , F E S ill W Elphmstone, W. i I * •• ! 

Eoscoe. 


1863. Newcastle.. 

1864. Bath 

1865. Birmingham 

1866. Nottingham 
1807. Dundee .. 

1868. Norwich .. 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford ... 

1874. Belfast 

1875. Bristol 

1876. Glasgow ... 


Dr. Alex. W. Williamson, F.E.S. 

W. Odling, M.B , F R S , F C S 
Prof. W. A. Miller, M.D./ V P.E.S. 

H. Bence Jones, M D., F.E S. . 

Prof. T.Ander&on, M.D , F.E.S E. 

Prof.E. Frankland, F.E S., F.C.S. 

Dr. H. Debus, F.E.S., F.C S. .. 

Prof. H. E. Eoscoe, B.A., F.E.S., 
F C S 

Prof. T. Andrews, M.D., F.R.S. 

Dr. J. H. Gladstone, F.E.S 

Prof. W. J. Russell, F.E.S 

Prof. A Crum-Brown, M.D.J 
F.R.S.E., F C S. 

A. G. Vernon Harcourt, M.A., 
F.E S., F.C.S. 

W. H. Perkin, F.R.S 


I. Prof Livemg, II. L. Pattmson, J. C. 
Stevenson. 

A.V Harcourt, Prof Liveing, R. Ihggs. 
.A. V. Harcourt, Hr Adkms, Prof. 

Wanklyn, A Winkler Wills. 

J 11. Atherton, Prof. Livemg, W. J. 
Russell, J. White. 

. A (Yum Brown, Prof G. D. Livemg, 
W J. Russell. 

, Dr. A Crum Brown, Dr. W. J. Rus- 
sell, F. Sutton. 

Prof. A. Crum Brown, M.D., Dr. W. 

J. Russell, Dr. Atkinson. 

, Prof. A. Crum Brown. M D., A. E. 

Fletcher, Dr. W. J. Russell. 

J. T. Buchanan, W. N. Hartley, T. E. 
Thorpe. 

Dr. Mills, W. Chandler Roberts, Dr. 

W J. Russell, Dr. T. Wood. 

Dr. \r.i- "v.jr D* Mills, W. Chand- 
ler Dr Thorpe. 

Dr T Cranstoun. Charles, W. Chand- 
ler Roberts, Prof. Thorpe. 

Dr. II. E. Armstrong, W. Chandler 
Roberts, W. A. Tilden. 

W. Dittmar, W. Chandler Roberts, 
J. M. Thomson, W. A. Tilden. 
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Data and Place. Presidents. Secretaries. 


GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford R. I. Murchison, F.R.S (John Taylor. 

1833. Cambridge .:G. B. Greenough, F.R.S W. Lonsdale, John Phillips. 

1834. Edinburgh .Prof. Jameson Prof. Phillips, T. Jameson Torrie, 

1 I Rev. J. Yates. 


SECTION C. — GEOLOGY AND GEOGRAPHY. 

1835. Dublin ... R. J. Griffith Captain Portlock, T. J. Torrie. 

1830. Bristol Rev. Dr Buckland, F.R.S. -Geo- William {Sanders, S. Stulehbury, T. J. 

! graph//. R. I. Murchison, F.R.S Tome 

1837. Liverpool . Re\ P. ^ .l.ii,*\FT»S — Geo- Captain Portlock, R Hunter. — Geo - 

grapny * • UD-- , ’ FU' raphy. Cu plain H M. Don ham, R.N. 

1838. Newcastle . C. Lycll, F l| “ \ l ( i, » /. W . C. Trevelyan, Capt. Portlock. — 

graph//. Lord Prudliope. i Geography. Capt. Washington. 
1830. Birmingham Rev. Dr Buckland, F.R S. — Geo- George Lloyd, M.D., II E. Strickland, 
graph y G FIT! , • i F R 8 ’ Charles Danvin. 

1840. Glasgow ... Charles Ly Ji, 1 li.fc. Gt^gni- W. J. Hamilton, D. Milne, Hugh 

phy. G. 13. Greenough, F.R.S. j Murray, II. E. Strickland, John 
j Seoular, M I) 

1841. Plymouth . .ill T. Do la Beebe, F.R S W. J. Hamilton, Edward Moore, M.D., 

| R Hutton. 

1842. Manchester R. I. Murchison, F.R.S ;E. W. Bmnev, R. Hutton, Dr. R. 

I Lloyd, II. E Strickland. 

1843. Cork Richard E. Griffith, F.R S., ’Francis M. Jennings, II. E. Strict- 

MR.I.A. | land. ~ 

1844. York Henry Warburton, M.P., Pres Prof. Anstul, E. II. Bunbury. 

Geol Soc 

1845. Cambridge . Rev. Prof. Sedgwick, M. A., F.R.S Rev. J. C. Cumming, A. C. Ramsay 

Rev. W . Thorp. 

1840. Southampton LeonardIIorner,F.R.S. — Geogra- Robert A. Austen, J. H. Norten, M.D., 
phy. G. B. Greenough, F.R S. Prof. Oldham. — Geography. Dr. C. 

T Poke. 

1847. Oxford... Very Rev. Dr. Buckland, F.R S Prof. Ansted, Prof. Oldham, A. C. 

I Ramsay, J. Ruskin. 

1818. Swansea .. Sir II T. Do la Beche, CB Benson, Prof. Oldham, Prof. 

I F R S. I Ramsay. 

1841). Birmmghain'Sir Charles Lyell, FRS , F.G.S. J. Beete Jukes, Prof Oldham, Prof. 

| I A. C. Ramsay. 

1850. Edinburgh * Sir Roderick I. Murchison, F.R.S. A. Keith Johnston, Hugh Miller, Prof. 

I Nicol. 


section c ( continued ). — geology. 


1851 . Ipswich ... William Hopkins, M.A., F.R.S... j 

1852. Belfast Licut.-Col. Portlock, R.E., F.R.SJ 

1853. Hull Prof. Sedgwick, F.R.S 

1854. Liverpool . . Prof. Edward Forbes, F.R.S. ... 


C. J. F. Bunbury, G. W. Ormerod, 
Searles Wood. 

James Bryce, James MacAdam, Prof. 

M‘Coy, Prof. Nicol. 

Prof. Ilarkness, William Lawton. 
John Cunningham, Prof. Harkness, 
G. W. Ormerod, J. W. Woodall. 


* At a Meeting of the General Committee held in 1850, it was resolved “That the 
subject of Geography he separated from Geology and combined with Ethnology, to consti- 
tute a separate Section, under the title of the Geographical and Ethnological Section,” 
for Presidents and Secretaries of >\hieh sec page xxxvii. 

1870. 


c 
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Date and Pkoe. 

1855. Glasgow .. 

1856. Cheltenham 

1857. Dublin 

1858. Leeds 

1859. Aberdeen .. 

1860. Oxford 

1861. Manchester 
18*62. Cambridge 
1863 Newcastle .. 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee .. 

1868. Norwich . 

1869. Exeter .... 

1870. Liverpool.. 

1871. Edinburgh.. 

1872. Brighton .. 

1873. Bradford ... 

1874. Belfast 

1875. Bristol 

1876. Glasgow ... 


Presidents. 


Sir R. I. Murchison, F.R.S 

Prof. A. C. Ramsay, F.R.S 

The Lord Talbot de Malahide . . 

William Hopkins, M.A., LL.D., 
F.R.S. 

Sir Charles Lyell, LL.D., D.C L., 
F.R.S. 

Rev. Prof Sedgwick, LL D., 
F.R S , F.G.S. 

Sir R. I. Murchison, D.C.L , 
LL.D., F.R.S., &c. 

J.Beete Jukes, M.A., F.R S. .. 

Prof. Warington W. Smyth, 
F.R.S., F.G.S. 

Prof. J. Phillips, LL.D., F.R.S., 
F.G S. 

Sir R. I. Murchison, Bart ,K.C.B. 

Prof. A C. Ramsay, LL.D., F.R.S. 

Archibald Geikic, F.R S , F.G.S. 

R. A. C. God win- Austen, F R.S , 
F.G.S. 

Prof. R. II ark ness, F.R.S., F.G.S 

Sir Philip de M. Grey Egerton, 
Bart , M.P., F R.S. 

Prof. A. Geikie, F.R.S., F.G.S.. 

R. A. C. Godwin -Austen, F.R S 

i 

Prof. J. Phillips, D.C.L., F.R.S.,! 
F.G S. 

Prof Hull, M.A., F.R.S., F.G.S. 

Dr. Thomas Wright, F.RS.E, 
F.G S. 


Secretaries. 


James Bryce, Prof. Darkness, Prof. 
Nicol. 

Rev. P. B. Brodie, Rev. R. ITepworth, 
Edward Hull, J. Scougall,T Wright. 
Prof. Darkness, Gilbert Sanders, Ro- 
bert D. Scott. 

Prof. Nicol, D. C. Sorby, E. \V. 
Shaw. 

Prof Darkness, Rev. J. Longmuir, IT. 
0 Sorby. 

Prof. Harkness, Edward Dull, Capt. 
Woodall. 

Prof. Darkness, Edvard Dull, T. Ru- 
pert Jones, G W. Ormerod. 

Lucas Barrett, Prof. T. Rupert Jones, 
II. C. Sorby, 

E. F. Boyd, John Daglisli, D. C. Sor- 
by, Thomas Sop with 

W. B. Dawkins, J. Johnston, IT C. 

Sorby, W. Peugelly. 

Rev. P. B. Brodie, j. Jones, Rev. E. 

Myers, 11. C. Sorby. W. Pengetlv 
R. Etheridge, W. Pcngelly, T\ Wil- 
son, G. If. AV- ■' 

Edvard Dull \\ l‘ Ilenry 

Woodward. 

Rev. O Fisher, Rev. J. Gunn, W. 

P engel ly, R ev J I . D. Win wood . 
W.JVnm'lh AY I’oyd Davkins, Rev. 
II 11 W’mvoo (l 

W. Pengelly, Rev. II. II. Winwood, 
W. Boyd Dawkins, G. II. Morton. 
R. Etheridge, J. Geikic, J. McKenny 
Hughes, L C. Mi all. 

L. C. Miall. George Scott, William 
Topley, Denrv Woodward. 

L. C Miall, R. IT. Tiddeman, AV. 
Topley 

F. Drew, L. C. Miall, R. G Symcs, 
R IT. Tiddeman. 

L. C. Miall, E. B. Tawney, AV. Topley, 


Prof. John Young, M.D ,J. Armstrong, F. AV. Rudlcr, W. 

j Topley. 


BIOLOGICAL SCIENCES. 


COMMITTED OF SCIENCES, IV.- — ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 


1832. Oxford |Rev. P. B. Duncan, F.G.S 

1833. Can. 1 )! dje*'Rn W. L. P. Garnons, F.L.S.. 

1834. Edinburgh jProf. Graham 


Rev. Prof. J. S. Hen slow. 
C. C. Babington, D. Don. 
AV. Yarrell, Prof. Burnett. 


* At this Meeting Physiology and Anatomy were made a separate Committee, for 
Presidents and Secretaries of which see p. xxxi i. 
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Date and Place, j Presidents. ! Secretaries. 


SECTION I). — ZOOLOGY AND BOTANY. 

1835. Dublin Dr. Allman J. Curtin, Dr. Lition. 

1830. Bristol Rev. Prof. Ilenslow J. Curtis, Prof. Don, Dr. Riley, S. 

Rootscy. 

1837. Liverpool .. W. S. MacLcay C. C. Babington, Rev. L. Jcnyns, W. 

Swainson. 

1838. Newcastle... Sir W. Jardine, Bart J.E. Gray, Prof. Jones, B. Owen, Dr. 

Richardson. 

1839. Bmningham Prof. Owen, E.R.S E. Forbes, W. Ick, B. Patterson. 

1840. Glasgow ... Sir W. J, Hooker, LL.D Prof. W. Couper, E Forbes, B. Pat- 

terson. 

1841. Plymouth.. John Richardson, M.D , F.B.S J. Couch, Dr. Rankest er, R Patterson. 

1842. Manchester Hon. and Very Rev. W. Herbert, Dr. Lankester, B. Patterson, J. A. 

LL.D., F.L.S. Turner. 

1843. Cork William Thompson, F.L.S Cf. J Allman, Dr. Lankester, B. Pat- 

terson. 

1844. York Very Rev. The Dean of Manelies- Prof. Allman, IL Goodsir, Dr. King, 

ter. Dr. Lankester 

1845. Cambridge Rev. Prof. Henslow, F.L.S. . Dr. Lankester, T. V. Wollaston 
1840. Southampton Sir J. Richardson, M D , F R.S Dr Lankester, T. V. Wollaston, IL 

Wooldridge. 

1847. Oxford. ...II E Strickland, M 1 , F R S. Dr Lankester, Dr. Mehille, T. V. 

J Wollaston 

section i) ( continued ). — zoology and botany, including physiology. 

[For the Presidents and Secretaries of the Anatomical and Physiological Subsections 
and tho temporary Section Pi of Anatomy and Medicine, see p. xxxvn ] 

1848. Swansea ... L. W. Dilluyn, F.B.S Dr R Wilbrahain Falconer, A. Hen- 

| lrey, Dr. Lankester. 

1849 Birmingham William Spence, F.R S Dr. Lankester, Dr. Russell. 

1850. Edinburgh.. Prof. Goodsir, F.B.S. L. &E. Prof. J. II. Bennett, M.D., Dr. Lan- 

kester, Dr. Douglas Maclagan. 

1851. Ipswich.. .. Rev. Prof. Ilenslow, M.A., F R.S Prof. Allman, F. W. Johnston, Dr. E. 

Lankester. 

1852. Belfast ... W. Ogilby Dr Dickie, George C. Hyndman, Dr. 

Edwin Lankester. 

1853. Hull C. C. Babington, M.A., F.R.S.. Robert Harrison, Dr. E. Lankester. 

1854 Liverpool ... Prof. Balfour, M.D., F.R.S. .. Isaac Tfyerley, Dr. E. Lankester. 

1855. Glasgow ...Rev. Dr. Fleoming, F R.S.E .. | William Neddie, Dr. Lankester. 

1850. Cheltenham Thomas Boll, F.R.S. , Pres.L S.. | Dr. J. Abercrombie, Prof. Bucknian, 

j Dr. Lankester. 

1857. Dublin Prof. W.IL Ilarvcy, M.D., F.R S.'Prof. J. R. Kmahan, Dr. E. Lankester, 

I ‘ I Robert Patterson, Dr. W. E. Steele. 

1858. Leeds jc. C. Babington, M.A., F.R.S .. Ilenry Denny, Dr. Heaton, Dr. E 

Lankester, Dr. E. Perceval Wright. 

1859. Aberdeen ... Sir W. Jardine, Bart., F.R.S.E.. Prof. Dickie, M D., Dr. E. Lankester, 

! I Dr Ogilvy. 

1800. Oxford .. . Rev. Prof Henslow, E.L.S. . . : W. S. Church, Dr E. Lankester, P. 

L Sclater, Dr. E. Perceval Wright. 

1801. Manchester.. Prof. C. C. Babington, F.R.S. . Dr. T. Alcock, Dr. E. Lankester, Dr. 

! | P. L. Sclater, Dr. E. P. Wright. 

1802. Cambridge .. Prof. Huxley, F.R.S Alfred Newton, Dr. E. P. Wright. 

1803. Newcastle ... Prof. Balfour, M.D., F.R.S Dr. E. Charlton, A. Newton, Rev. II. 

I | B. Tristram, Dr. E. P. Wright. 

1804. Bath Dr. John E. Gray, F.R.S 11. B. Brady, C. E. Broom, H. T. 

| ! Stainton, I)r. E. P. Wright. 

1805. Birmingham T. Thomson, M D., F.R.S. , . iDr. J. Anthony. Rev. C. Clarke, Rev. 

t ! IL B. Tristram, Dr. E. P. Wright, 

c2 
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Secretaries. 


1866. Nottingham. 

1867. Dundee 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool . . . 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford ... 

1874. Belfast.. ... 

1875. Bristol 

1876. Glasgow ... 


section d {continued). — biology*. 


[Prof. Huxley, LL.D., F.R.S.— 
Physiological Pep. Prof. Hum- 
phry, M.D., F.R.S.— Anthropo- 
logical Dep. Alfred R. Wallace, 
F R G S 

Prof. Sharpey, M.D., Sec. R.S. — 
Pep . of Zool. and Pot. George! 
Busk, M.D., F R.S. 

Rev. M. J. Berkeley, F.L S. — I 
Pep . of Physiology, W. II 
Flower, F.R.S. 

G, ■ Busk, F.R.S., F.L.S. — 
Pep. of But. and Zool. 0. Spence! 


Dr. J. Beddard, W. Felkin, Rev. H. 
B. Tristram, W. Turner, E. B. 
Tylor, Dr. E. P. Wright. 


Bate, F.R.S, — Pep. of Ethno. 

E. B. Tylor. 

Prof. G. Rolleston, M.A., M D. 

F. R.S., F.L.S. — Pep. Anat and\ 
Physiol. Prof. M. Foster, M.D., 
F.L.S. — Pep. of Ethno. J. 
Evans, F.R.S. 


C. Spence Bate, Dr. S. Cobbold, Dr. 
M. Foster, II. T. Stainton, Rev. II . 
B. Tristram, Prof. W. Turner. 

Dr. T S. Cobbold, G. W. Firth, Dr. 
M. Foster, Prof. Lawson, II. T. 
Stainton, Rev. Dr. H. B. Tristram, 
Dr. E. P. Wright. 

Dr. T. S. Cobbold, Prof M. Foster, 
M.D., E. Ray Lankester, Professor 


Lawson, II. T. Stainton, Rev. II. B. 
Tristram. 

Dr. T. S Cobbold, Sebastian Evans, 
Prof. Lawson, Tlios. J. Moore, H, 
T. Stainton, Rev. II. B. Tristram, 
C. Staniland Wake, E. Ray Lan- 
kester. 

Prof. Allen Thomson, M.D., F.R.S. Dr. T. R. Fraser, Dr. Arthur Gamgeo, 
— • Pep of Pot. and Zool. Prof.j E. # Ruy Lankester, Prof. Lawson, 
Wyville Thomson, F.R S. — | II. T. Stamton, C. Staniland Wake, 
Pep. of Anthropol. Prof. W 1 Dr. W. Rutherford, Dr. Kelburne 
Turner, M.D. [ King. 

Sir John Lubbock, Bart., F R.S.jProf Thiselton-Dyer, II. T. Stainton, 
— Dep. of Anat. and Physiol., Prof. Lawson, F. W. Rudler, J If. 
Dr. Burdon Sanderson, F.R S ! Lamprey, Dr. Gamgee, E. Ray Lan- 
— Dep of Ayithropol. Col. A. I kester, Dr. Pye-Smith. 

Lane Fox, F.G.S. I 

Prof. Allman, F.R S. — Pep. of Prof. Thiselton-Dycr, Prof. Lawson, 
Anat and Physiol. Prof. Ru- R. M ‘Lachlan, Dr. Pyc-Smith, E. 
therford, M.D. — Pep. of An -! Ray Lankester, F. W. Rudler, J. 

thropol. Dr. Beddoe, F.R.S ! If. Lamprey. 


Prof. Rodfern, M.D. — Pep. of 
Tjool. and Pot. Dr. Hooker, 
C B., Pres. R.S.. — Pep. of An- 
thropol. Sir W. R.Wilde.M.D. 

P.L Schiter,F.R S. — Pep. of Anat. 
andP • ' V • ~r' \ ’ Af p 

F.R " l A . ■ x P 

Rolleston, M.D., F.R.S. 

A. Russel W all ace, F.R.G S.,| 
F.L.S. — Pep of Zool. and Pot 
Prof. A. Newton, M.A., F.R.S. 
— Pep. of Anat. and Physiol 
Dr. J. G McKeud rick, F. R. S. E. 


W. T. Thiselton-Dyer, R. O. Cunning- 
ham, Dr. J. J. Charles, Dr. P. II. 
Pye-Smith, J. J. Murphy, F. W. 
Rudler. 

E. R. Alston, Dr. McKondrick, Prof. 
W. R. M‘Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. II. Pye-Smith, Dr. 
W. Spencer. 

E. R. Alston, Hyde Clarke, Dr. Knox, 
Prof. W. R. M‘Nab, Dr. Muirhead, 
Prof. Morrison Watson. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 

COMMITTEE OF SCIENCES, Y. ANATOMY AND PHYSIOLOGY. 

1833. Cu'iiViL.*. D" Ilaviland |Dr. Bond, Mr. Paget. 

1834. Edinburgh. ..jDr. Abercrombie [Dr Roget, Dr. William Thomson. 

* At a Meeting of the General Committee in 1865, it was resolved: — “That the 
title of Section D be changed to Biology ; ” and “That for the word ‘Subsection,’ in the 
rules for conducting the business of the Sections, the word ‘ Department ’ be substituted. 
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Date and Place. ' Presidents. , Secretaries. 


SECTION E. (UNTIL 1847.) — ANATOMY AND MEDICINE. 

1835. Dublin . Dr. Pritchard .. .. Dr. Harrison, Dr. Hart. 

1830. Bristol Dr. Roget, F.R.S Dr. Symonds. 

1837. Liverpool ... Prof. W. Clark, M.D Dr. J. Carson, jun., James Long, Dr. 

J. R. W. Yose. 

1838. Newcastle . T. E Ileadlam, M.D T. M. Grecnhow, Dr. J. R. W. Yose. 

1839. Binn in trim m John Yclloly, M D , F.R.S Dr G. O. Rees, F. Byland. 

1840. Glasgow .. 'James Watson, M.D (Dr. J. Brown, Prof. Couper, Prof. Reid. 

1841. Plymouth .. P. M Rogct, M D., Sec.R S. .. Dr J. Butter, J. Fuge, Dr. R. S, 

' Sargent. 

1842. Manchester . Edward Holme, M.D., F.L S. . Dr. Chaytor, Dr. R. S. Sargent. 

1843. Cork Sir James Pitcairn, M.D Dr. John Popliam, Dr. R. S. Sargent. 

1844. York ;J. C. Pritchard, M.D I. Erickson, Dr. R. S. Sargent. 


SECTION E. PJI YSIOLOG Y. 

1845. Cambridge .‘Prof. J. Ilaviland, M.D Dr. R. S. Sargent, Dr. Webster. 

1840. Southampton' Prof. Owen, M.D., F.R S C. P. Keelc, Dr. Lay cock, Dr. Sargent. 

1847- Oxford* .. jProf. Ogle, M.D., F.R.S Dr. Thomas K. Chambers, W. P. 

* Ormerod. 


PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 

1850. Edinburgh Prof Bennett, M D., F R.S.E. 

1855. Glasgow Prof. Allen Thomson, F K S . Prol J. H Corbett, Dr. J. Struthers. 

1857. Dublin .. Prof it. Harrison, M D . Dr R. D. Lyons, Prof. Red fern. 

1858. Leeds .... Sir Bcn]animBrodie, Bart , F.R.S C. G Whcclhousc. 

1859 Aberdeen ... Prof Sharpey, M.D., Sec.R S — Prof. Bennett, Prof. Redfern. 

1800. Oxford.... Prof. G. Rolleston, M.D., F L S Dr. R MtDonncll, Dr. Edward Smith, 
18(51 . Manchester. Dr. John Davy, F.R.S.L. & E. .. Dr. W Roberts, Dr. Edward Smith. 

1802. Cambridge . C E Paget, M.D. ... G. F. Helm, Dr. Edward Smith. 

1803. Newcastle... Prof. Rolleston, M.D., FRS. . . Dr. D Embleton, Dr. W. Turner. 

1804. Bath Dr. Edward Smith, LL D., F.R.S J. S. Bartrum, Dr W. Turner. 

1865.Birmingbml Prof. Acland, M.D. ,LL.D., F.R.S Dr. A Fleming, Dr. P. Heslop, Oliver 

Pcmbleton, l)r. W. Turner. 

GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 

[For Presidents and Secretaries for Geography previous to 1851, see Section C, p. xxxiii.] 

ETHNOLOGIC VL SUBSECTIONS OF SECTION 1). 

1840. Southampton Dr. Pritchard Dr. King 

J 847. Oxford .. . Prof. JL IL Wilson, M.A Prof. Buckley. 

1848. Swansea 'G. Grant Francis. 

1849. Birmingham I Dr. R. G. Latham. 

1850. Edinburgh.. Vice-Admiral Sir A. Malcolm ...(Daniel Wilson, 

SECTION E. — GEOGRAPHY AND ETHNOLOGY. 

1851. Ipswich .. SirR. T Murchison, F.R.S., Pres R. Cull, Rev. J. W. Donaldson, Dr. 

R.G S. Norton Shaw. 

1852. Belfast Col. Chcsney, R.A., D.CL.,R. Cull, R. MacAdam, Dr. Norton 

F.R.S. Shaw. 

# By direction of the General Committee at Oxford, Sections D and E were incorporated 
ender the name of “ Section D— Zoology and Botany, including Physiology ” (see p. xxxv). 
The Section being then vacant was assigned in 1851 to Geography, 
t Vide note on page xxxvi. 
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1853. Hull R. G. Latham, M.D., F.R.S. ... R. Cull, Rev. H. W. Kemp, Dr. Nor- 

ton Shaw. 

1854. Liverpool ... Sir R. I. Murchison, DC.T. R* 1 r\l Cull, Rev. II. Higgins, Dr, 

F.R.S. lime, Dr. Norton Shaw, 

1855. Glasgow ... Sir J. Richardson, M.D., F.R.S. Dr. W. G. Blackie, R. Cull, Dr. Nor- 

ton Shaw. 

1850. Cheltenham Col. Sir H. C. Rawlinson, K.C.B. R. Cull, F. D. Hartland, W. H. Rum- 

sey, Dr. Norton Shaw. 

1857. Dublin Rev. Dr. J.IIenthawn Todd, Pres. R. Cull, S. Ferguson, Dr. R. R. Mad- 

R.I.A. den, Dr. Norton Shaw. 

1858. Leeds Sir R. I. Murchison, G C.St.S., R.Cull, Francis Galton,P.O’ Callaghan, 

F.R.S. Dr. Norton Shaw, Thomas Wright. 

1859. Aberdeen ... Rear-Admiral Sir James Clerk Richard Cull, Professor Geddes, Dr. 

Ross, D.C.L., F.R.S. Norton Shaw. 

18G0. Oxford Sir R. I. Murchison, D.C.L., Capt. Burrows, Dr. J. Hunt, Dr. C. 

F.R S. Lempriero, Dr. Norton Shaw. 

18(51. Manchester John Crawfurd, F.R.S Dr. J. Hunt, J Kingsley, Dr. Norton 

Shaw, W. Spottiswoodc. 

18G2. Cambridge . Francis Galton, F.R.S J. W. Clarke, Rev. J. Glover, Dr. 

Hunt, Dr. Norton Shaw, T. Wright. 
18G3. Newcastle... Sir R. I. Murchison, KCE./C. Carter Blake, Hume Greenfield, 
FRS | C. R Markham, R S Watson. 

18G4. Bath.. . Sir R I. Murchison, K.CB.,jII W Bates, C R Markham, Capt. 

F R.S. R. M. Murchison, T. Wright. 

18G5. Birmingham Major-General S : '-TT R.iv ].!■-.■• II. W. Bates, S. Evans, G. Jabot, C. 

M.P., K.CB., 1 .!!.►>. I R Markham, Thomas Wright. 

18GG. Nottingham Sir Charles Nicholson, Bart.,'H. W. Bates, Rev. E T. Cusins, R. 

LLD. i H Major, Clements R. Markham, 

I D. W. Nash, T. Wright. 

18G7. Dundee Sir Samuel Baker, F.R.G.S II. W. Bates, Cyril Graham, C. R. 

| Markham, S. J. Mackie, R. Sturrock. 
1808. Norwich ... Capt. G. II. Richards, R.N.,F.R,S.T. Baines, H. W. Bates, C. R. Mark- 
ham, T. Wright. 


section e (continued), — geogkaphy. 

1809. Exeter .... Sir Bartle Frcre, K.C.B., LL.D., H W. Bates, Clements R. Markham, 
F R.G S J. II. Thomas. 

1870. Liverpool ... Sir R I. Murchison, Bt., K.C B , II. W. Bates, David Buxton, Albert 

LL.D., D.C L., F R S., F.G.S J. Mott, Clements R. Markham. 

1871. Edinburgh. Colonel Yule, C.B , F.R G S. . Clements R. Markham, A. Buchan, 

J. 31. Thomas, A Keith Johnston. 

1872. Brighton . Francis Galton, F.R S II. W. Bates, A. Keith Johnston, Rev. 

! J. Newton, J. H. Thomas. 

1873. Bradford ... Sir Rutherford Aleock, K.C.B.... II. W. Bates, A. Keith Johnston, Cle- 

ments R. Markham. 

1874. Belfast Major Wilson, RE., F.R.S., E. G. Ravenstein, E. C. Rye, J. H. 

F.R.G.S. Thomas. 

1875. Bristol.... Lieut. -General Strachey, R E., II. W. Bates, E. C. Rye, F. F. Tuckett. 

; C.S.I.,F.R.S., F.R.G.S., F.L.S , 

F.G.S. 

187G. Glasgow ... Capt, Evans, C.B., F.R.S H. W. Bates, E. C. Rye, R. Oliphant 

Wood. 


STATISTICAL SCIENCE. 

COMMITTEE OF SCIENCES, YI. — STATISTICS. 

1833. Cambridge I Prof. Babbage, F.R.S |J. E. Drinkwater. 

1834. Edinburgh .(Sir Charles Lemon, Bart. .|Dr. Cleland, C. Hope Maclean. 
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Secretaries. 


-STATISTICS. 


Dublin .. . 
Bristol .... 


, Charles Babbage, F.R.S W. Greg, Prof. Longfiold. 

Sir Charles Lemon, Barb, F.R.S. Rev. J. E. Bromby, C. B. Fripp, 
I Janies Hoywood. 

Rt. Hon. Lord San don W. R. Greg, W. Langton, Dr. W, C. 

Tayler. 

Colonel Sykes, F.R S W. Cargill, J. Ileywood, W. R. Wood. 

Henry Ilallam, F.RS F. Clarke, R. W. Rawson, Dr. W. C. 

[ Tayler. 

Rt. Hon. Lord Sandon, M.P., C. R. Baird, Prof. Ramsay, R, W. 


Liverpool.. jRt. Hon. Lord Sandon . 

. Newcastle... 'Colonel Sykes, F.RS. . 
, Birmingham Tien ry Ilallam, F.RS. . 


Glasgow . 
Plymouth. 


. Swansea . 

. Birmingham 

. Edinburgh . 

. Tpswieh 
. Belfast .. . 

. Hull 

. Liverpool .. 


I F.R.S. | Rawson. 

jLieut.-Col. Sykes, F.R.S Rev. Dr. Byrth, Rev. R. Luney, B. 

W Rawson. 

G. W. Wood, M.P., F.LS. . . . Rev. R Luney, G. W. Ormerod, Dr. 

W. C. Tayler. 

Sir C. Lemon, Bart-., M.P. . .. Dr. D. Bullen, Dr. W. Cooke Tayler. 
Lieut -Col Sykes, F.R.S., F L S. J. Fletcher,* J. Ileywood, Dr. Lnycock. 
Rt. lion. The Earl Fitzwilham J. Fletcher, W. Cooke Tayler, LL.D. 

G. R Porter, F.R.S J. Fletcher, F G. P. Neison, Dr. W. 

C. Tayler, Rev. T. L. Shapcott. 

Travers Twiss, D.C.L., F.R.S. .. Rev. W. II. Cox, J. J. Danson, F. G. 

P. Neison. 

J H. Vivian, M.P., F.R.S. . J. Fletcher, Capt R. Shortrede. 

Rt. Hon. Lord Lyttelton JDr. Finch, Prof. Hancock, F. G. P. 

| Neison. 

Very Rev. Dr. John Lee, Prof. Hancock, J. Fletcher, Dr. J. 

Vl’ESE i Stark. 

Sir John P. Boilean, Bart. . J. Fletcher, Prof. Hancock. 


Manchester .;G. W. Wood, M.P., F.LS. 


. Cork . . , 

. York. ... 

Cambridge . 
. Southampton 


47. Oxford . .. Travers Twiss, D.C.L., F.R.S. 


J H. Vivian, M.P., F.R.S. . 
Rt. Hon. Lord Lyttelton .. . 

Very Rev. Dr. John Lee, 
V I> E S E 

Sir John P. Boilean, Bart. . 


Ills Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 


i Dublin. 

panics Ileywood, M.P., F.R.S — 
Thomas Tooke, F.R.S 


, Glasgow . JR. Mouckton Milnes, M.P. 


MacAdain, Jun. 

Ed ward Cheshire, William Nowmarch. 
E. Cheshire, J. T. Danson, Dr. W. H. 

Duncan, W. Newmarch. 

J. A. Campbell, E. Cheshire, W. New- 
, inarch, Prof. R. II. Walsh. 


SECTION E (continued ), — ECONOMIC science ANI) statistics. 

1850. Cheltenham Rt. Hon. Lord Stanley, M.P. .. Rev C. H.Bromby,E. Cheshire, Dr.W. 

| I N. Hancock, W. Nowmarch, W. M. 

I Tartfc. 

1857. Dublin .. His Grace tbe Arclibisbop of Prof. Cairns, Dr. H. D. Hutton, W. 

Dublin, M.R I. A. Newmarch. 

1858. Leeds .... Edward Baines .... . ... T. B. Baines, Prof. Cairns, S. Brown, 

Capt. Fishbournc, Dr. J. Strang. 

1859. Aberdeen .. Col. Sykes, M.P., F.R.S. . Prof. Cairns, Edmund Macrory, A. M. 

! | Smith, Dr. John Strang. 

1800. Oxford Nassau W. Senior, M.A jEdmund Macrory, W. Newmarch, 

| ! Rov. Prof. J. E. T. Rogers. 

1861. Manchester William Newmarch, F.R.S. . .. (David Chadwick, Prof. R. C. Christie, 

E. Macrory, Rov. Prof. J. E. T. 
Rogers. 

1 8G2. Cambridge . . Edwin Chadwick, C.B II. D. Macleod, Edmund Macrory. 

1803. Newcastle ... William Tite, M.P., F.R.S T. Doubledav, Edmund Macrory, 

Frederick Purdy, James Potts. 

1864. Bath William Farr, M.D., D.C.L., E. Macrory, E. T. Payne, F. Purdy. 

| F.R.S. 

1865. Birmingham'Rt. Hon. Lord Stanley, LL.D., G. J. D. Goodman, G. J. Johnston, 

! M-P. E. Macrory. 
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1866. Nottingham Prof. J. E. T. Rogers R. Birkin, Jun., Prof. Leone Levi, E. 

Macrory. 

1867. Dundee M. E. Grant Duff, M.P Prof. Leone Levi, E. Macrory, A. J. 

Warden. 

1868. Norwich ... Samuel Brown, Pres. Instit. Ac- Rev. W. C. Davie, Prof. Leone Levi. 

tuaries. 

1869. Exeter Rt. Hon. Sir Stafford H. North- Edmund Macrory, Frederick Purdy, 

cote, Bart, C.B., M.P. Charles T. D. Acland. 

1870. Liverpool... Prof. W. Stanley Jevons, M.A. .. Clias. R. Dudley Baxter, E. Macrory, 

J. Miles Moss. 

1871. Edinburgh Rt. Hon. Lord Neaves J. G. Fitch, James Meikle. 

1872. Brighton ... Prof. Henry Fawcett, M.P J. G. Fitch, Barclay Phillips. 

1873. Bradford ... Rt. Hon. W. E. Forstor, M.P.... J. G. Filch, Swire Smith. 

1874. Belfast ...... Lord O’Hagan Prof. Donnell, Frank P. Fellows, 

Hans MacMordie. 

1875. Bristol James Ileywood, M.A., F.R.S., F. P. Fellows, T. G. P. Hallett, E. 

Pres.S.S. Macrory. 

1876. Glasgow ...Sir George Campbell, K.C.S.I., A. M'Neel Caird, T. G. P. Hallett, 

M.P. Dr. W. Neilson Hancock, Dr. W. 

Jack. 


MECHANICAL SCIENCE. 

SECTION G. — MECHANICAL SCIENCE. 

1836. Bristol Davies Gilbert, D C.L., F.R.S. ... T. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool ... Rev. Dr. Robinson Charles Yignoles, Thomas Webster. 

1838. Newcastle .. Charles Babbage, F.R.S R. Hawthorn, C. Yignoles, T. Webster. 

1839. Birmingham Prof. Willis, F.R.S., and Robert W. Carpmael, William Hawkes, Tho- 

Stcphenson. mas Webster. 

1840. Glasgow ... Sir John Robinson J. Scott Russell, J. Thomson, J. Tod, 

C. Yignoles. 

1841. Plymouth... John Taylor, F.R.S Henry Chatfield, Thomas Webster. 

1842. Manchester . Rev. Prof. Willis, F.R.S J. F. Bateman, J. Scott Russell, J. 

Thomson, Charles Vignoles. 

1843. Cork Prof. J. Macneill, M.R.I.A James Thomson, Robert Mallet. 

1844. York John Taylor, F.R.S Charles Yignoles, Thomas Webster. 

l^i"' Cii" ■ ' Ij* 1 G T? nnie, F.R.S Rev. W. T. Kingsley. 

! K i,l s . • ■■ ; 1 I.' ■ i* 1 Willis, M.A., F.R.S. . William Betts, jun., Charles Manby. 

1847. Oxford Rev. Prof. Walker, M.A., F.R.S. J. Glynn, R. A. Le Mesurier. 

1848. Swansea Rev. Prof. Walker, M.A., F.R.S. R. A. Le Mesurier, W. P. Struve. 

1849. Birmingham Robert Stephenson, M.P., F.RS. Charles Manby, W. P. Marshall. 

1850. Edinburgh . R<»\ . Dr, Robinson Dr. Lees, David Stephenson. 

1851. Ipswich William Cubitt, F.R.S John Head, Charles Manby. 

1852. Belfast John Walker, C.E.,LL.D., F.R.S. John F. Bateman, C. B. Hancock, 

Charles Manby, James Thomson. 

1853. Hull William Fairbairn, C.E., F.R.S.. James Oldham, J. Thomson, W. Sykes 

Ward. 

1854. Liverpool ... John Scott Russell, F.R.S John Grantham, J. Oldham, J. Thom- 

son. 

1855. Glasgow ... W. J. Macquorn Rankine, C.E., L. Hill, Jun., William Ramsay, J. 

F.R.S. Thomson. 

1856. Cheltenham George Rennie, F.R.S C. Atherton, B. Jones, jun, H. M. 

Jeffery. 

1857. Dublin The Right Hon. The Earl of Prof. Downing, W. T. Doyne, A. Tate, 

Rosse, F.R.S. James Thomson, Henry Wright, 

1858. Leeds William Fairbairn, F.R.S J. C. Dennis, J. Dixon, H. Wright. 

1859. Aberdeen ... Rev. Prof. Willis, M.A., F.R.S. . R. Abcmothy, P. Le Neve Foster, H. 

Wright. 

1860. Oxford ...... Prof. W. J. Macquorn Rankine, P. Le Neve Foster, Rev. F. Harrison , 

LL.D., F.R.S. Henry Wright. 
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1861. Manchester . 

1862. Cambridge .. 

1863. Newcastle . . . 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee 

1868. Norwich ... 

1869. Exeter .... 

1870. Liverpool... 

1871. Edinburgh 

3872. Brighton ... 

3873. Bradford 

1874. Belfast... 

1875. Bristol... 

1876. Glasgow 


J. F. Bateman, C.E., F.R.S P. Le Neve Foster, John Robinson, H. 

Wright. 

William Fairbairn, LL.D.,F.R.S. W. M. Fawcett, P. Le Neve Foster. 
Rev. Prof. Willis, M.A., F.R.S. . P. Le Neve Foster, P. Wostmacott, J. 

F. Spencer. 

J. Ilawkshaw, F.R.S P. Le Neve Foster, Robert Pitt, 

Sir W. G. Armstrong, LL.D., P. Le Neve Foster, Henry Lea, W. P. 

F.R.S. Marshall, Walter May. 

Thomas Hawksley, V.P.Tnst. P. Le Neve Foster, J. F. Iselin, M. 

C.E., F.G.S. A. Tarbottom. 

Prof. W. J. Maequorn Rankine, P. Le Neve Foster, John P. Smith, 
LL.D., F.R.S. W. W. Urquhart. 

G. P. Bidder, C.E., F.R.G.S. ...P. Le Neve Foster, J. F. Iselin, C. 

Manby, W. Smith. 

C. W. Siemens, F R.S P. Lc Neve Foster, TJ. Baucrman. 

Clias. B. Vignoles, C.E., F.R.S. . H. Bauerman, P. Le Neve Foster, T. 

King, J. N. Shoolbred. 

Prof. Fleeming Jenkin, F.R.S.... H. Bauerman, Alexander Leslie, J, P, 

Smith. 

, F. J. Bramwcll, C.E II. M. Brunei, P. Le Neve Foster, 

J. G. Gamble, J. N. Shoolbred. 

W. II. Barlow, F.R S. Crawford Barlow, II. Bauerman, E. 

II. Carbult, J. C. Ilawkshaw, J. N. 
Shoolbred. 

, Prof. Janies Thomson, LL.D., A. T. Atchison, J. N. Shoolbred, John 
C.E., F.R.S.E. Smyth, jun. 

. W. Froude, C.E., M.A., F.R.S.... W. R. Browne, H. M. Brunei, J. G. 

Gamble, J. N. Shoolbred. 

. C. W. Merrifleld, F.R.S W. Bottomloy, jun., W. J. Millar, J. 

N. Shoolbred, J. P. Smith. 


List of Evening Lectures. 


Date and Place. ' Lecturer. Subject ( S Discourse. 

i 

1842. Manchester . | Charles Vignoles, F.R.S The Principles and Construction of 

Atmospheric Railways. 

Sir M. I. Brunei The Thames Tunnel. 

R. 1. Murchison The Geology of Russia. 

1843. Cork Prof. Owen, M.D., F.R.S The Dmoruis of New Zealand. 

Prof. E. Forbes, F.R.S Tho Distribution of Animal Life in 

the ^Egean Sea. 

Dr. Robinson The Earl ofRosse’s Telescope. 

1844. York Charles Lyell, F.R.S Geology of North America. 

Dr. Falconer, F R.S The O' ■ T , ■ . - of the Siwalik 

Ilills m India. 

1845. Cambridge .. G. B. Airy, F.R.S., Astron.Royal Progress of Terrestrial Magnetism. 

R. I. Murchison, F.R.S Geology of Russia. 

1846. Southampton Prof. Owen, M.D., F.R.S Fossil Mammalia of the British Isles. 

Charles Lyell, F.R.S Valley and Delta of the Mississippi, 

1846. Southampton W. R. Grove, F.RS Properties of the Explosive substance 

discovered by Dr. Schonbein ; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

1847. Oxford Rev. Prof. B. Powell, F.R.S. ... Shooting-stars. 

Prof. M. Faraday, F.R.S Magnetic and Diamagnetic Pheno- 

mena. 

Hugh E. Strickland, F.G.S. ... The Dodo (Lidas ineptus). 
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Date and Place. Lecturer. Subject of Discourse. 

1848. Swansea ' ... John Percy, M.D., F.R.S Metallurgical operations of Swansea 

and its neighbourhood. 

W. Carpenter, M.D., F.R S. ... Recent Microscopical Discoveries. 

1849. Birmingham Dr. Faraday, F.R.S Mr. Gassiot’s Battery. 

Rev. Prof. Willis, M.A., F.R.S. Transit of different Weights with 

varying velocities on Railways. 

1850. Edinburgh. Prof. J. II. Bennett, M.D., Passage of the Blood through the 

F.R.S.E. minute vessels of Animals in con- 

nexion with Nutrition. 

Dr. Mantoll, F.R.S Extinct Birds of New Zealand. 

1851. Ipswich Prof. R. Owen, M.D., F.R.S. Distinction between Plants and Ani- 

mals, and their changes of Form. 

G-. B. Airy, F.R.S., Astron. Royal Total Solar Eclipse of July 28, 1851. 

1852. Belfast Prof. G.O. Stokes, D.C.L., F.R.S Recent discoveries in the propretics 

of Light. 

Colonel Portlock, R.E., F.R.S. Recent discovery of Rock-salt at Car- 

rickfergus, and geological and prac- 
tical considerations connected with it. 

1853. Hull Prof. J. Phillips, LL.D., F.R.S., Some peculiar phenomena m the Geo- 

F.G S. logy and Physical Geography of 

Yorkshire. 

Robert Hunt, F.R.S The present state of Photography. 

1854. Liverpool ... Prof. R. Owen, M.D., F.R.S Anthropomorphous Apes. 

Col. E. Sabine, Y.P.R.S Progress of researches m Terrestrial 

Magnetism. 

1855. Glasgow Dr. W. B. Carpenter, F.R.S. .. Characters of Species. 

Lieut.-Col. II. Rawlinson .... Assyrian and Babylonian Antiquities 

and Ethnology. 

1856. Cheltenham Col. Sir II. Rawlinson Recent discoveries in Assyria and 

Babylonia, with the results of Cunei- 
form research up to the present 
time. 

W. R. Grove, F.R.S Correlation of Physical Forces. 

1857. Dublin Prof. W. Thomson, F.R S. ... The Atlantic Telegraph. 

Rev. Dr. Livingstone, D.C.L. . . Recent discoveries in Africa. 

1858. Leeds Prof. J. Phillips, LL.I)., F.R.S. The Ironstones of Yorkshire. 

Prof. R. Owen, M.D., F R.S. ... The Fossil Mammalia of Australia. 

] 859. Aberdeen ... Sir R. I. Murchison, D.C.L. . . . Geology of the Northern Highlands. 

Rev. Dr. Robinson, F.R.S Electrical Discharges in highly rare- 

fied Media. 

1860. Oxford Rev. Prof'. Walker, F.R.S. .. Physical Constitution of the Sun. 

Captain Sherard Osborn, R N. . Arctic Discovery. 

1861. Manchester . Prof. W. A. Miller, M.A., F.R.S. Spectrum Analysis. 

G. B. i' * F.R ^ \ R « . The late Eclipse of the Sun. 

1862. Cambridge . Prof, ly ! I . ■ i l.‘ " ... The Forms and Action of Water. 

Prof. Odling, F.R.S Organic Chemistry. 

1863. Newcastle- Prof. Williamson, F.R.S The Chemistry of the Galvanic Bat- 

on-Tyne. tery considered in relation to Dy- 

namics. 

1863. Newcastle- Jamos Glaisher, F.R.S The Balloon Ascents made for the 

on-Tyne. British Association. 

1864. Bath Prof. Roscoe, F.R.S The Chemical Action of Light. 

Dr. T.i\ini>tniic. F.R.S Recent Travels in Africa. 

1865. Birmingham J. Beete Jukes, F.R.S Probabilities as to the position and 

extent of the Coa,l-measnreB beneath 
the red rocks of the Midland Coun- 
ties. 

1866. Nottingham. William Huggins, F.R.S The results of Spectrum Analysis 

applied to Heavenly Bodies, 
j Dr. J. D. Hooker, F.R.S Insular Floras. 
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Bate and Place. Lecturer. Subject of Discourse, 

1867. Dundee Archibald Geikie, F.R.S The Geological origin of the present 

Scenery of Scotland. 

Alexander Herschel, F.R. A. S. ... The present state of knowledge re- 
garding Meteors and Meteorites. 

1868. Norwich .... J. Fergusson, F.R S Archaeology of the early Buddhist 

Monuments. 

Dr. W. Odling, F.R.S Reverse Chemical Actions. 

1860. Exeter Prof. J. Phillips, LL.D , F.R.S. Vesuvius. 

J. Norman Loekyer, F.R.S The Physical Constitution of the 

Stars and Nebuhe. 

1870. Liverpool ... Prof. J. Tyndall, LL.D, FR.S. The Scientific Use of the Imagination. 

Prof. W. J. Macquorn Rankinc, Stream-lines and Waves, in connexion 
LL.D., F.R.S. with Naval Architecture. 

1871. Edinburgh F. A. Abel, F.R.S Some recent investigations and appli- 

cations of Explosive Agents. 

E. B. Tylor, F.R.S The Relation of Primitive to Modern 

Civilization. 

1872. Brighton .. Prof. P. Martin Duncan, M.D., Insect Metamorphosis. 

F.R.S. 

Prof. W. K. Clifford The Aims and Instruments of Scien- 

tific Thought. 

1873. Bradford ... Prof. W. C. Williamson, F.R.S. Coal and Coal Plants. 

Prof. Clerk Maxwell, F.R.S Molecules. 

1874. Belfast Sir John Lubbock, Bart., M.P., Common Wild Flowers considered in 

F.R.S. relation to Insects. 

Prof. Huxley, F.R.S The Hypothesis that Animals are 

Automata, and its History. 

1875. Bristol William Spottiswoode, LL.D., The Colours of Polarized Light. 

F.R.S. 

! F. J. Bramwoll, F.R.S : Railway Safety Appliances. 

1876. Glasgow .. ! Prof. Tail, F.R.S.E Force. 

i Sir Wyville Thomson, F.R.S. ...j Tho ‘ Challenger’ Expedition. 


Lectures to the Operative Classes . 

1867. Dundee Prof. J. Tyndall, LL.D., F.R.S. Matter and Force. 

1868. Norwich .... Prof. Huxley, LL.D., F.R.S. ... A piece of Chalk. 

1869. Exeter Prof. Miller, M.D., F.R.S Experimental illustrations of the 

modes of detecting the Composi- 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 

1870. Liverpool ... Sir John Lubbock, Bart., M.P., Savages. 

F.R.S. 

1872. Brighton ... William* Spottiswoode, LL.D., Sunshine, Sea, and Sky. 

F.R.S. 

1873. Bradford .. C. W. Siemens, D.C.L., F.R.S... Fuel. 

1874. Belfast.... Professor Odling, F.R.S The Discovery of Oxygen. 

1875. Bristol Dr. W. B. Carpenter, F.R.S. ... A piece of Limestone. 

1876. Glasgow ... Commander Cameron, C.B.,R.N. A Journey through Africa. 
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Table showing the Attendance and Receipt* 






Date of Meeting. 

Where held. 

Presidents. 

| 

Old Life 
Members. 

New Life 
Members. 

1831, Sept. 27 ... 

York 

The Earl Fitzwilliam, D.C.L.... 


... 

1832, June 19 . 

Oxford 

The Ecv. W. Buckland, F.R.S. .. 


... 

1833, June 25 ... 

Cambridge 

The Rev. A. Sedgwick, F.R.S... 


... 

1834, Sept. 8 ... 

Edinburgh 

Sir T. M. Brisbane, D.C.L 



1835, Aug. 10 ... 

Dublin 

The Rev. Provost Lloyd, LL.D. 


... 

1836, Aug. 22 ... 

Bristol 

The Marquis of Lansdowne 

... 


1837, Sept. 11 .. 

Liverpool 

The Earl of H ■’* ‘ PR- 



1838, Aug. 10 ... 

Newcastle-on-Tyne .. 

The Duke 0. N ■ . 1 ■ : 


... 

1839, Aug. 26 ••• 

Birmingham 

The Rev. W. Vernon Harcourt. 


... 1 

1840, Sept. 17 .. 

Glasgow 

The Marquis of Breadalbane ... 


... 

1841, July 20 .. 

Plymouth 

The Rev. W. Whcwell, E.R.S.... 

169 

6S 

1842, June 23 ... 

Manchester 

The Lord Francis Egerton 

3°3 

169 

1843, Aug. 17 

Cork 

The Earl of Rosse, F.R.S 

109 

28 

1844, Sept. 26 ... 

York 

The Rev. G. Peacock, D.D 

226 

* 5 ° i 

j 1845, June 19 ... 

Cambridge 

Sir John F. W. Herschcl, Bart. . 

3*3 

36 | 

i 1846, Sept. 10 ... 

Southampton 

Sir Roderick I. Murchison, Bart. 

241 

10 

'1847, June 23 ... 

Oxford 

Sir Robert H. Inglis, Bart 

3 H 

18 

1848, Aug. 9 

Swansea 

The Marquis of Northampton... 

149 

3 

j 1849, 12 

TTr i V.i 

The Rev. T. K. Robinson, D.D. . 

227 

12 

I1850, July 2 1 .. 

Jiiclin burgh 

Sir David Brewster, KH 

2 35 

9 ! 

1851, July 2 

Ipswich 

G. B. Airy, Esq., Astron. Royal . 

172 

8 

j 1852, Sept. 1 .. 

Belfast 

Lieut. -General Sabme, F.R.S. ... 

164 

10 1 

1853, Sept. 3 ... 

Hull 

William Hopkins, Esq., F.R.S. . 

141 

*3 

1854, Sept. 20 •• 

Liverpool 

The Earl of TT PR''... 

238 

2 3 i 

1855, Sept. 12 • 

Glasgow 

The Duke of ‘ 1 It ^ 

194 

33 | 

1856, Aug. 6 

Cheltenham 

Prof. C. G. B.Daubenv, M.D.... 

182 

14 1 

11857, Aug. 26 ... 

Dublin 

The Rev. Humphrey Lloyd, D.D. 

*36 

*5 1 

- 1858, Sept. 22 ... 

Leeds 

Richard Owen, M.D., D.C.L. ... 

222 

42 1 

1859, Sept. 14 .. 

Aberdeen 

H.R.H. The Prince Consort .. 

184 

27 ; 

i860, June 27 ... 

Oxford 

The Lord Wrottesley, M.A 

286 

21 I 

1861, Sept. 4 .. 

Manchester 

William Fairbairn, LL.D., F.R.S. 

321 

113 

1862, Oct. 1 

Cambridge 

The Rev. Prof» Willis, M.A. ... 

2 39 

15 

1863, Aug. 26 .. 

Newcastle-on-Tyne .. 

Sir William G. Armstrong, C.B. 

203 

36 j 

1864, Sept. 13 .. 

Bath 

Sir Charles Lyell, Bart., M.A.... 

287 

40 . 

1865, Sept. 6 ... 

Birmingham 

Prof. J. Phillips, M.A., LL.D.... 

292 

44 ! 

1866, Aug. 22 ... 

Nottingham 

William R. Grove, Q.C., F.R S. 

207 


1867, Sept. 4 ... 

Dundee 

The Duke of Buccleuch, K.C.B. 

167 

25 { 

1868, Aug. 19 ... 

Norwich 

Dr. Joseph D. Hooker, F.R.S. . 

196 

18 

1869, Aug. 18 ... 

Exeter 

Prof. G. G. Stokes, D.C.L 

204 

21 

1870, Sept. 14 ... 

Liverpool 

Prof. T. H. Huxley, LL.D 

314 

39 

1871, Aug. 2 

Edinburgh 

Prof. Sir W. Thomson, LL.D,... 

246 

28 

1872, Aug. 14 ... 

Brighton 

Dr, W. B. Carpenter, F.R.S. ... 

245 

3 6 

1873, Sept. 17 ••• 

Bradford 

Prof. A. W. Williamson, F.R.S. 

212 

27 

1874, Aug. 19 ••• 

Belfast 

Prof. J. Tyndall, LL.D., F.R.S. 

162 

13 ! 

1875, Aug. 25 ... 

Bristol 

Sir John Hawksliaw, C.E., F.R.S. 

2 39 

36 

1876, Sept. 6 

Glasgow.,... 

Prof. T. Andrews, M.D., E.R.S 

221 

35 

i877,;Aug. 15 ... 

Plymouth 

Prof. A. Thomson, M.D., F.R.S. 






ATTENDANCE and receipts at annual meetings. xlv 


at Annual Meetings of the Association . 



Attended by 




Amount 

Sums paid on 
Account of 
Grants for 
Scientific 
Purposes. 

Old 

Annifkl 

Members. 

New 

Annual 

Members. 

Associates. 

Ladies. 

Foreigners. 

Total. 

received 
during the 
Meeting. 




... 


353 

<c 

: 

£ s. d . 




... 


900 






... 


1298 


20 0 0 




... 




167 0 0 




... 


1350 


434 *4 0 




1100* 


1840 


918 14 6 





2400 


956 12 2 





34 

1438 


1595 ** 0 

46 



60* 

40 

*353 


1546 16 4 

317 

33 + 


891 


1235 10 11 

75 

376 

331 * 

28 

* 3*5 


*449 *7 8 

7 J 

185 

9 l 

l 60 




1565 10 2 

45 

190 

260 




981 12 8 

94 

22 

4 ° 7 

172 

35 

1079 


830 9 9 

65 

39 

270 

I96 

36 

857 


685 16 0 

197 

40 

495 

203 

53 

1260 


208 5 4 

54 

25 

. 376 

197 

*5 

929 

707 0 0 

*75 * » 

93 

33 

447 

237 

22 

1071 

963 0 0 

>59 >9 6 

128 

42 

510 

273 

44 

12<fl 

1085 0 0 

345 18 0 

61 

47 

244 

141 

37 

71 ° 

620 0 0 

39 * 9 7 

63 

60 

5 io 

292 

9 

I 108 

ioff*; 0 0 

304 6 7 

56 

57 

367 

236 

6 

876 

903 0 0 

205 0 0 

121 

121 

765 

524 

10 

1802 

1882 0 0 

330 19 7 

I42 

101 

1094 

543 

26 

2133 

2311 0 0 

480 16 4 

IO4 

48 

412 

346 

9 

i **5 

1098 0 0 

734 13 9 

156 

120 

900 

569 

26 

2022 

2015 0 0 

5°7 *5 3 

III 

9 1 

710 

509 

*3 

1698 

1931 0 0 

618 18 2 

1^5 

179 

1206 

821 

22 

256+ 

2782 0 0 

684 11 1 

177 

59 

636 

463 

47 

1689 

1604 0 0 

1241 7 0 

1 84 

125 

1589 

791 

*5 

3*39 

3944 0 0 

mi 5 10 

150 

57 

433 

242 

25 

1161 

1089 0 0 

1293 16 6 

154 

209 

1704 

1004 

2 5 | 

3335 

3640 0 0 

1608 3 10 

182 

103 

1119 

1058 

*3 

2802 

2965 0 0 

1289 15 8 

215 

149 

766 

508 

23 

*997 

2227 0 0 

1591 7 10 

218 

10 $ 

960 

771 

11 

2303 

2469 0 0 

1750 13 4 

J 93 

118 

1163 

771 

7 

2444 

2613 0 0 

*739 4 0 

226 

117 

720 

682 

45 * 

2004 

2042 0 0 

1940 0 0 

229 

107 

678 j 

600 

*7 

1856 

*93* 0 0 

1572 0 0 

303 

195 

1103 | 

910 

*4 

2878 

3096 0 0 

1472 2 6 

311 

127 

976 1 

754 

21 

2463 

2575 0 0 

1285 0 0 

280 

80 

i 937 

912 

43 

2533 

2649 0 0 

1685 0 0 

*37 

99 

| 796 

601 

11 

* 9 8 1 

2120 0 0 

1151 16 0 

232 

85 

8*7 

630 

12 

* 95 * 

1979 0 0 

960 0 0 

307 

93 

884 

672 

*7 

2248 

*397 0 0 

1092 4 2 

331 

185 

1265 

712 

25 

*774 

3023 0 0 


* Ladies were not admitted by purchased Tickets until 1843. 
t Tickets for admission to Sections only. J Including La dies, 
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OFFICERS OF SECTIONAL COMMITTEES PRESENT AT THE 
GLASGOW MEETING. 

SECTION A. MATHEMATICS AND PHYSICS, 

President. — Professor Sir William Thomson, M.A.,LL.D., D.C.L., F.R.S., F.R.S.E. 
Vice-Presidents . — Professor Blackburn, M.A. ; Professor Cremona ; Professor 
Grant, M.A., LL.D., F.R.S., F.R.A.S. ; Rev. Professor Ilaughton, M.A., F.R.S, ; 
Professor A. S. Ilerschel, B.A., F.R.A.S.; Dr. J, Janssen; Rev. Dr. Lloyd, 
F.R.S. ; Professor Clerk Maxwell, F.R.S. ; Professor G. G. Stokes, Sec.R.8. ; 
Professor P. G. Tait, F.R.S.E. ; Professor Wullner. 

Secretaires. — Professor W. F. Barrett, F.R.S.E., M.R.I.A., F.C.S. ; J. T. Bottom- 
ley, M.A., F.R.S.E., F.C.S. ; Professor G. Forbes, B.A., F.R.S.E. ; J. W. L. 
Glaisher, M.A., F.R.S., F.R.A.S. ; Thomas Muir, M.A., F.R.S.E. 

SECTION B. CHEMISTRY AND MINERALOGY, INCLUDING THEIR APPLICATIONS TO 

AGRICULTURE AND THE ARTS. 

President. — W. II. Perkin, F.R.S., Secretary of the Chemical Society. 
Vice-Pi'esidents. — Professor T. Andrews, M.D., F.R.S. ; Professor Crum Brown, 
M.D., F.R.S.E. ; W. Crookes, F.R.S. ; Professor J. Ferguson, M.A, ; Professor 
' G. C. Foster, F.R.S. ; Dr. Gilbert, F.R.S.; Professor J. II. Gladstone, F.R.S.; 
Professor Edmund J. Mills, D.Sc., F.R.S. ; Professor A. W. Williamson, F.R.S. ; 
James Young, F.R.S. 

Secretaries. — W. Dittmar; W. Chandler Roberts, F.R.S.; John M. Thomson, 
F.C.S. ; W. A. Tilden, D.Sc. 

SECTION C. GEOLOGY. 

President. — Professor John Young, M.D. 

Vice-Presidents. — Ilis Grace the Duke of Argyll, K.T., LL.D., F.R.S.; Professor 
A. Geikie, LL.D., F.R.S. ; Professor E. Hull, F.R.S. ; J. Gwyn Jeffreys, 
LL.I)., F.R.S. ; W. Pengelly, F.R.S. ; Rev. T. Wiltshire, M.A., F.G.S. 
Secretaries. — Jas. Armstrong; F. W. Rudler, F.G.S. ; W. Topley, F.G.S. 

SECTION D. BIOLOGY. 

President. — A. Russel Wallace, F.L S., F.R.G.S. 

Vice-Presidents. — Professor Balfour, M.D., F.R.S. ; G. Bentham, F.R.S.; Professor 
A. Buchanan, M.D. ; Professor Cleland, M.D., F.R.S.; Dr. Ferdinand Cohn; 
Professor Dickson, M.D., F.L.S. ; Professor Grube ; Professor Haeckel; Dr. 
Hooker, P.R.S. ; Dr. M ‘Kendrick, F.R.S.E.; Professor Morren ; Professor 
Newton, F.R.S. ; Dr. Redfern ; Dr. Allen Thomson, F.R.S. ; Sir Wyville Thom- 
son, F.R.S. ; Rev. Canon Tristram, F.R.S. ; Professor W. C. Williamson, F.R.S. 
Secretaries. — E. R. Alston, F.Z.S. ; Hyde Clarke ; Dr. Knox, M.A ; Professor W. 
R. M‘Nab, M.D. ; Dr. Muirlioad; Professor Morrison Watson. 

SECTION E. GEOGEAPHY AND ETHNOLOGY. 

President. — Captain Evans, C.B., F.R.S., Hydrographer to the Admiralty. 
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Report of the Council for the Tear 1875-76, presented to the General 
Committee at Glasgow on Wednesday , September 6th, 1876. 

The C<yemcil have much regret in announcing that Sir Robert Christison, 
who was eleoted President for the Glasgow Meeting, informed the Council in 
the course of last winter that he felt himself unable to preside, in conse- 
quence of the state of his health. Under these circumstances the Council 
selected Dr. Andrews, of Belfast, for nomination for the office of President ; 
and the first business of the General Committee of the Association will be to 
confirm this nomination. The Council also rocommend that Mr. J. Young, 
F.R.S., be elected a Yice-President of the Association. 

The Council have received Reports during the past year from the General 
Treasurer, and his Accounts for the year will be laid before the General Com- 
mittee this day. 

The General Committee at Bristol referred the following four Resolutions 
to the Council for their consideration, and they beg to report their action 
thereon in each case : — 

First Resolution . — u That the Council be requested to consider the re- 
commendations of the Reports of the Royal Commission on Scientific 
Instruction and the Advancement of Science, and to take such action 
thereupon as may seem to them best calculated to advance the inte- 
rests of Natural Science.” 

The Council having considered this Resolution, waited as a deputation 
upon the Lord President of the Council and upon the Secretary of State for 
the Home Department, and urged upon the Government the opinion of the 
Association that it is of the highest importance to the welfare of this country 
that the Government should without delay give systematic material aid to the 
development of the higher Scientific Education, in the spirit of the Fifth and 
Eighth Reports of the Royal Commission on Scientific Instruction and the 
Advancement of Science ; and the Council further urged upon the Govern- 
ment that, in the selection of Members of the proposed University Commis- 
sion, Science should be duly represented. The Government promised to give 
due consideration to the representations of the British Association ; and they 
have increased the amount of the Grant to the Royal Society for aiding 
Scientific Investigation. 

Second Resolution . — “ That the Council be requested to take such steps 
as they think suitable for renewing their representations to the 
Secretary of State for India, as to the importance of establishing an 
Observatory for Solar Physics in India, in conformity with the recom- 
mendations of the Royal Commissioners on Scientific Instruction and 
the Advancement of Science.” 

The Council having learned that steps were being taken in India in refer- 
ence to this matter, deemed it advisable to defer any action for the present* 
1876, d 
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Third Resolution . — “ That the Council he requested to consider and 
report upon the manner in which the Members of Committees and 
other Officers of the Association shall be selected, and whether Ladies 
shall be admitted to such offices, and if so, to what offices, and under 
what conditions.” 


Upon this Resolution the Council have come to the following conclusion, 
viz.: — - 

That it does not appear to have been the practice of the British 
Association to elect Ladies as Officers of the Association, or to 
place them upon the General or Sectional Committees ; and they 
are of opinion that no ease has been made out for altering the 
practice hitherto in force. 

F^rth Resolution.— r“ That the Council be requested to take into con- 
sideration the expediency of appointing Representatives to attend the 
International Statistical Congress to bo held at Buda-Pesth in 1876.” 

The Council have not taken any action on this Resolution. 

The Council regret to have to announce that Dr. Michael Foster, M.A., 
F.R.S., is unable to continue to act as one of the General Secretaries of the 
Association. They cannot refrain from expressing their regret at the loss of 
his valuable services. 

The Council have agreed to recommend that Mr. Philip Lutley Sclater, 
F.R.S., be appointed one of the General Secretaries in his place. Mr. Sclater’s 
name will bo proposed to the General Committee at the Meeting for tho 
Election of the Council and Officers on Monday next. 

Tj^e Council have added to tho List of the Coni'; ii-Iii-iv Members of the 
Association the names of the following gentlemen present at the last Meeting 
of the Association, viz. : — 

Dr. Nachtigal. 

Dr. Oppenheim. 

Dr* E. L. Y oumans. 


The Council have been informed that invitations for the Meeting to he held 
in 1878, or following years, will be presented from Leeds and Dublin. 

The following are the names of Members of Council for the past year who, 
in accordance with the regulation*, are not eligible for re-election this year, 
viz. : — 

Mr. Bateman. * Right Hon. Lyon Playfair. 

Professor G. C. Foster. Dr. C. W. Siemens. 

Mr. Lockyer. 


The Council recommend the re-election of the other ordinary Members of 
Council, with the addition of the gentlemen whose names are distinguished 


by an asterisk in the following list 

Abel, F. A., Esq., F.R.S, 

•Alcock, Sir Rutherford, K.C.B. 
Bramwcll, F. J., Esq*, C.E., F.R.S. 
*Cavley, Professor, F.R.S. 

De La Rue, Warren, Esq., D.C.L,, 
F.R.S. 

Evans, J., Esq., F.R.S* 

Far*, Dr, W., F.R.S. 

Flower, Professor W. H., F.R.S. 


*Froudc, W., Esq., F.R.S. 

Gassiot, J. P., Esq., D.C.L., LL.D., 
F.R.S. 

Heywopd, J., Esq., F.R.S. 
•Houghton, Lord, F.R.S. 

•Huggins, W., Esq., F.R.S. 

Jeffreys, J. Gwyn, Esq., F.R.S. 
Maakelynb, Prof. 1ST. S„ M,A„ F.R.S 
Maxwell Professor J. Clerk, F.R.S. 



RECOMMENDATIONS Of THE GENERAL COMMITTEE* 


U 


Memfield, C. W., Esq., F.1(,.S. 
Newton, Professor A., F.R.S. 
Oramanney, Admiral E., C.B., F.R.S. 
Pengeliy, W., Esq., F.R.S. 
Prestwich, Professor J., F.R.S. 


Rollcston, Professor G., M.A., F.R.S. 
Roscoe, Professor H. E., Ph.I)., 
F.R.S. 

Russell, Dr. W, J., F.R.S. 

Smith, Professor IT. J. 8., F.RJ. 


Recommendations adopted by the General Committee at the Glasgow 
Meeting in September 1876. 

[When Committees are appointed, the Member first named ia regarded as the Secretary, 
except there is a specific nomination.] 


Involving Grants of Money . 

That the Committee on Underground Temperature, consisting of Professor 
Everett, Professor Sir W. Thomson, Professor J. Clerk Maxwell, Mr. G, J. 
Symons, Professor Ramsay, Professor Geikie, Mr. J*. Glaisher, Mr. Pengeliy, 
Professor Edward Hull, Professor Ansted, Dr. Clement Le Neve Foster, 
Professor A. S. Herschel, Mr. G. A. Lebour, Mr. A. B. Wynne, Mr. Galloway, 
and Mr. Joseph Dickinson, bo reappointed ; that Professor Everett be the 
Secretary, and that the sum of £50 bo placed at their disposal. 

That the Committee, consisting of Professor Stokes, Dr. Do La Rue, Pro- 
fessor Clerk Maxwell, Professor W. F. Barrett, Mr. Howard Grubb, Mr. G. 
Johnstone Stoney, and Professor R. S. Ball, for examining and reporting 
upon the reflective powers of silver, gold, and platinum, whether in mass 
or chemically deposited on glass, and of speculum motal, be reappointed; 
and that the grant of £20 which has lapsed be renewed. 

That Professor Sir William Thomson, Professor Tait, Professor Grant, 
Dr. Siemens, and Professor Purser bo appointed a Committee to undertake 
experiments for the Measurement of the Lunar Disturbance of Gravity ; and 
that the sum of £50 be placed at tbeir disposal for the purpose. 

That the Committee on Thermo-Electricity, consisting of Professor Tait, 
Professor Tyndall, and Professor Balfour Stewart, be reappointed ; and that 
the grant of £50 which has lapsed be renewed. 

That the Committee, consisting of Professor Cayley, Professor G. G. Stokes, 
Professor H. J. S. Smith, Professor Sir W. Thomson, and Mr. J. W. L. 
Glaisher (Secretary), be reappointed ; that the tables of the Elliptic Functions 
be completed and published ; that the sum of £250 be placed at the disposal 
of the Committee for the purpose ; and that it be referred to the Council to 
settle the details of publication. 

That the Committee, consisting of Dr. Joule, Professor Sir W. Thomson, 
Professor Tait, Professor Balfour Stewart, and Professor J. Clerk Maxwell, 
for effecting the determination of the Mechanical Equivalent of Heat, be 
reappointed ; and that the sum of .£100 be placed at their disposal for the 
purpose. 

That the Committee on Luminous Meteors, consisting of Mr. James Glaisher, 
Mr. R. P, Greg, Mr. Charles Brooke, Dr. Flight, Professor G. Forbes, and 
Professor A, S. Herschel, be reappointed ; that Professor Herschel be the 
Secretary, and that the sum of X30 be placed at their disposal. 
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That Professor G. Forbes and Professor Sir W. Thomson be a Committee 
for the purpose of endeavouring to make arrangements for the taking of 
certain observations of Atmospheric Electricity in India ; that Professor G. 
Forbes be the Secretary, and that the sum of £15 be placed at their disposal 
for the purpose. 

That the Committee for investigating the methods employed in the esti- 
mation of Potash and Phosphoric Acid in commercial products be reappointed ; 
also that Mr. E. W. Parnell and Mr. Ogilvie be added to the Committee ; 
that Mr. Allen be the Secretary, and that the sum of £20 bo placed at their 
disposal for the purpose. 

That Dr. William Wallace, Professor Dittmar, and Mr. Thomas Wills be 
a Committee for the purpose of reporting on the best means for the develop- 
ment of Light from Coal-gas of different qualities ; that Dr. Wallace be the 
Secretary, and that tho sum of £20 be placed at their disposal for the 
purpose. 

That the Committee, consisting of Dr. F. Clowes and Dr. W. A. Tilden, 
for the purpose of examining the Action of Ethylbromo-butyrate on Ethyl 
Sod-aceto-acetate, be reappointed ; that Dr. Clowes be the Secretary, and that 
the sum of £10 be placed at their disposal for the purpose. 

That the Committee, consisting of Dr. Armstrong, Professor Thorpe, and 
Mr. W. W. Fisher, for the purpose of investigating the Isomeric Cresols and 
the Law of Substitution in the Phenol Series, be reappointed ; that Dr. 
Armstrong be the Secretary, and that the sum of £10 be placed at their dis- 
posal for the purpose. 

That Mr. W. N. Hartley, Mr. J. M. Thomson, and Mr. W. Chandler 
Boberts be a Committee for tho purpose of investigating the Constitution of 
Double Compounds of Cobalt and Nickel ; that Mr. J. M. Thomson be the 
Secretary, and that the sum of £10 be placed at their disposal for the purpose. 

That Dr. Crum-Brown, and Messrs. Dewar, Dittmar, and Dixon be a Com- 
mittee for the purpose of investigating some methods that have been recently 
proposed for the Quantitative Estimation of Atmospheric Ozone ; that Mr. 
E. M. Dixon be the Secretary, and that tho sum of £15 be placed at their 
disposal for the purpose. 

That Mr. W. N. Hartley, Dr. E. J. Mills, and Mr. W. Chandler Boberts be 
a Committee for the purpose of investigating the conditions under which 
liquid Carbonic Acid occurs in Minerals ; that Mr. W. N. Hartley be the 
Secretary, and that the sum of £20 be placed at their disposal for the 
purpose. 

That Mr. J. Evans, Sir J. Lubbock, Bart,, Mr. E. Yivian, Mr. W. Pen- 
gelly, Mr. G. Busk, Professor W. Boyd Dawkins, Mr. W. Ayshford Sandford, 
and Mr. J. E. Lee^be a Committee for the purpose of continuing the ex- 
ploration of Kent’s Cavern, Torquay ; that Mr. Pengelly bo the Secretary, 
and that the sum of £100 be placed at their disposal for the purpose. 

That Sir John Lubbock, Bart., Professor Prestwich, Professor Busk, Pro- 
fessor Hughes, Professor W. Boyd Dawkins, Bev. H. W. Crosskey, Messrs. 
L. C. Miall and B. H. Tiddeman be reappointed a Committee for the pur- 
pose of assisting in the exploration of the Victoria Cave ; that Mr. Tiddeman 
be the Secretary, and that the sum of £100 be placed at their disposal for 
the purpose. 

That Mr. J. Evans, Bev. T. G. Bonney, Professors A. H. Green and H. A. 
Nicholson, Messsrs. W. Carruthers, F. Drew, B. Etheridge, Jun., G. A. 
Lebour, L, C, Miall, F. W. Budler, E. B. Tawney, W. Topley, and W. 
Whitaker be a Committee for the purpose of carrying on the Geological 
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Record ; that Mr. Whitaker he the Secretary, and that the sum of *£100 he 
placed at their disposal for the purpose. 

That Professor Hull, Mr. E. W. Binney, Mr. H. Howell, Mr. M. Reade, 
Rev. H. W. Crosskey, Professor A. H. Green, Professor Harkness, Mr. W. 
Molyneux, Mr. G. H. Morton, Mr. Pengelly, Professor Prestwich, Mr. J. 
Plant, Mr. W. Whitaker, Captain D. Galton, and Mr. Be Ranee he a 
a Committee for the purpose of investigating, the circulation of the under- 
ground waters in the New Red Sandstone and Permian formations of 
England, and the quantity and character of the water supplied to various 
towns and districts from those formations ; that Mr. C. E. De Ranee he the 
Secretary, and that the sum of £10 be placed at their disposal for the pur- 
pose. 

That Professor A. S. Herschel and Mr. G. A. Lebour be a Committee 
for the purpose of making experiments on the Thermal Conductivities of 
certain rocks ; that Professor Herschel be the Secretary, and that the sum 
of £10 be placed at their disposal for the purpose. 

That Dr. Bryce, Mr. J. Brough, Mr. G. Forbes, Mr. D. Milno-Home, Mr, 
J. Thomson, Professor Sir W. Thomson, and Mr. Peter Drummond he a 
Committee for the purpose of continuing the Observations and Records of 
Earthquakes in Scotland ; that Dr. Bryce be the Secretary, and that the sum 
of £10 be placed at their disposal for the purpose. 

That Mr. W. Topley, Mr. H. Willett, Mr. R. A. C. Godwin- Austen, Mr. 
Davidson, Prof. Prestwich, Prof. W. Boyd Dawkins, Mr. H. Woodward, and 
Prof. Hull bo a Committee for the purpose of promoting the Sub-Wealden 
Exploration ; that Mr. Willett and Mr. Topley be the Secretaries, and that 
the sum of £100 be placed at their disposal for the purpose. 

That Professor Arthur Gamgee, Professor Roscoe, and Mr. Priestley he a 
Committee for the purpose of investigating tho Physiological Action of Ortho-, 
Pyro-, and Mctaphosphoric Acids and of allied compounds ; that Professor 
Gamgee bo tho Secretary, and that the sum of £15 be placed at their disposal 
for the purpose. 

That Dr. Hooker, Professor Oliver, and Mr. Dyer be a Committee for tho 
purpose of preparing a Report on the Family of the Diptcrocarpcso ; that Mr. 
Dyer be the Secretary, and that tho sum of £20 be placed at their disposal 
for the purpose. 

That Mr. Stainton, Sir John Lubbock, and Mr. Sclater be a Committee 
for the purpose of unt inning a Record of Zoological Literature; that Mr. 
Stainton be the Secretary, and that the sum of £100 be placed at their dis- 
posal for the purpose. 

That Professor Huxley, Dr. Carpenter, Mr. Sclater, Mr. F. M. Balfour, 
Dr. M. Foster, Professor Ray Lankcster, and Mr. Dew-Smith be reappointed 
a Committee for the purpose of arranging with Dr. Dohxn for the occupation 
of a Table at the Zoological Station at Naples during the ensuing year ; 
that Mr. Dew- Smith he the Secretary, and that the sum of £75 be placed at 
their disposal for the purpose. 

That Colonel Lane Fox, Dr. Beddoc, Mr. Franks, Mr. F. Galton, Mr. E. 
W. Brabrook, Sir J. Lubbock, Sir W. Elliot, Mr. C. R. Markham, Mr. E. B. 
Tylor, Mr. J. Evans, and Mr. F. W. Rudler be reappointed a Committee for 
the purpose of preparing and publishing brief forms of instruction for tra- 
vellers, ethnologists, and other anthropological observers ; that Colonel Lane 
Fox be the Secretary, and that the sum of £25 be placed at their disposal for 
the purpose. 

That Colonel Lane Fox, Professor Eolleston, Mr. Park Harrison, Mr. T. 
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H. Price, and Mr. J. R, Mortimer be a Committee for the purpose of the 
Exploration of Ancient Earthworks and other Prehistoric Remains ; that 
Colonel Lane Fox be the Secretary, and that the unexpended balance of £25 
be placed at their disposal for the purpose. 

That Dr. Farr, Dr. Beddoe, Mr. Brabrook, Sir George Campbell, tlic Earl of 
Dude, Mr. F. P. Fellows, Colonel Lane Fox, Mr. F. Galton, Mr. Park Harri- 
son, Mr. J. Heywood, Mr. P. Hallett, Professor Leone Levi, Sir Rawson RaW- 
son, and Professor llolleston be a Committee for the purpose of continuing 
the collection of observations on the Systematic Examination of Heights, 
Weights, &c. of Human beings in the British Empire, and the publication of 
Photographs of the typical races of the Empire ; that Colonel Lane Fox be 
the Secretary, and that the sum of £100 be placed at their disposal for the 
purpose. 

That the Right Hon. J. G. Hubbard, M.P., Mr. Chadwick, M.P., Mr. 
Morley^ M.P., Dr. Farr, Sir George Campbell, M.P., Mr. Hallett, Professor 
Jevons, Mr. Nowmareh, Mr. Shaen, and Mr. Macneel Caird (with power to 
add to their number) he continued as a Committee for the purpose of 
further developing the investigations into a Common Measure of Value in 
Direct Taxation ; that Mr. Hallett be the Secretary, and that the sum of 
£10 be placed at their disposal for the purpose of defraying expenses incurred 
and to be incurred in the inquiry. 

That the Committee on instruments for measuring the speed of ships he 
reappointed ; that it consist of the following Members : — Mr. W. Froude, Mr. 
F. J. Bramwell, Mr. A. E. Fletcher, Rev. E. L. Berthon, Mr. James R. Hapier, 
Mr. C. W. Merrifield, Dr. C. W. Siemens, Mr. H. M. Brunei, Mr. W. Smith, 
Sir William Thomson, Mr. J. N. Shoolbred, and Professor James Thomson ; 
that Mr. J. N. Shoolbred be the Secretary, and that the sum of £50 be placed 
at their disposal for the purpose. 

That Professor Sir W. Thomson, Professor Clerk Maxwell, Professor Tait, 
Dr. C. W. Siemens, Mr. F. J. Bramwell, Mr. W. Froude, and Mr* J. T. 
Bottomloy be a Committee for the purpose of commencing secular experi- 
ments on the Elasticity of Wires ; that Mr. Bottomley bo the Secretary, and 
that the sum of £100 be placed at their disposal for the purpose. 


Applications for Reports and Researches not involving Grants of 

Money. 

That the Committee, consisting of Professor Cayley, Mr. J. W. L. Glaisher, 
Dr. W. Pole, Mr; C. W. Merrifield, Professor Fuller, Mr. H. M. Brunei, and 
Professor W. K. Clifford, be reappointed to estimate the cost of constructing 
Mr. Babbage’s Analytical Engine, and to consider the advisability of printing 
tables by its means ; and that Professor W. K. Clifford be the Secretary. 

That Dr. W. Huggins, Mr. J. N. Lockyer, Professor J. Emerson Reynolds, 
Mr. G. J* Stoney, Mr. Spottiswoode, Dr. De La Rue, and Dr, W. M. Watts 
be a Committee for the purpose of preparing and printing Tables of Wave- 
freqtiency (Inverse Wave-lengths); and that Mr. G. J, Stoney he the 
Secretary. 

That the Committee, consisting of Professor Sylvester, Professor Cayley, 
Professor Hirst, Professor Bartholomew Price, Professor H. J. S. Smith, 
Dr. Spottiswoode, Mr. R. B. Hayward, Dr. Salmon, Professor R. Townsend, 
Professor Fuller, Professor Kelland, Mr. J. M. Wilson, Professor Henrici, 
Mr. J. W. L, Glaisher, and Professor Clifford, for considering the possibility 
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of improving the methods of instruction in elementary geometry, be reap- 
pointed. 

That Mr. Spottiswoodo, Professor G. G. Stokes, Professor Cayley, Professor 
H. J. S. Smith, Professor Sir W. Thomson, Professor Henrioi, Lord Rayleigh, 
Mr. C. Brooke, and Mr. J. W. L. Glaisher be appointed a Committee to 
report upon Mathematical Notation and Printing. 

That the Committee on the Magnetization of Iron, Nickel, and Cobalt, 
consisting of Professor Balfour Stewart, Professor Clerk Maxwell, Mr. H. A. 
Rowland, and Professor W. F. Barrett, be reappointed. 

That Professor Prestwioh, Professor Harkness, Professor Hughes, Professor 
W. Boyd Dawkins, Rev. H. W. Crosskey, Messrs. L* C. Miull, G. H. Morton, 
D. Mackintosh, It. H. Tiddeman, J. E. Lee, T. Plant, W. Pengelly, and Dr. 
Deane be a Committee for the purpose of recording the position, height 
above the soa, lithological characters, size, and origin of the Erratic Blocks 
of England, Wales, and Ireland, reporting other matters of interest con- 
nected with the same, and taking measures for their preservation ; that the 
Rev. H. W. Crosskey be the Secretary. 

That the Rev. If. F. Barnes, Mr. C. Spence Bate, Mr. H. E. Dresser, 
Dr. Gunther, Mr. J. E. Harting, Dr. J. Gwyn Jeffreys, Professor Newton, 
and Rev. Canon Tristram bo a Committee for the purpose of inquiring into 
the possibility of establishing a “ close time ” for the protection of indige- 
nous animals. 

That Mr. Spence Bate bo requested to continue his Report “On the present 
state of our knowledge of the Crustacea.’’ 

That Mr. R. Bruce Bell, Mr. J. Wolfe Barry, Mr. James Brownlee, 
Mr. Henry Brunei, Mr. St. John V. Day, Mr. Edward Easton, Mr. William 
Froude, Sir John Hawkshaw, Professor A. B. W. Kennedy, Dr. W. Pole, 
Mr. Hazelton Robson, Mr. David Rowan, and Mr. William Smith be a 
Committee for the purpose of reporting on the different kinds of Safety- 
valves used or designed for marine and other engines. 

That the Committee for the purpose of making experiments and of re- 
porting on the effect of the Propeller on the turning of Steam-vessels be re- 
appointed (With power to communicate with the Government), consisting, of 
Mr. James R. Napier, Sir William Thomson, Mr. William Froude, and 
Professor Osborne Reynolds ; that Mr. J. T. Bottomley be added to the 
Committee, and that Professor Osborne Reynolds be the Secretary. 

That the Committee, consisting of Professor Sir William Thomson, Major- 
General Strachey, Captain Douglas Galton, Mr. G. F. Deacon, Mr. Rogers Field, 
Mr. E. Roberts, and Mr. James N. Shoolbred, for the purpose of consider- 
ing the Datum-level of the Ordnance Survey of Great Britain, with a view 
to its establishment on a surer foundation than hitherto, with power to 
communicate with the Government if necessary, be reappointed ; that Mr. 
James N. Shoolbred be the Secretary. 

That the Committee, consisting of Mr7 W. H. Barlow, Mr. H. Bessemer, 
Mr. F. J. Bramwell, Captain Douglas Galton, Sir John Hawkshaw, Dr. 
C. W. Siemens, Professor Abel, and Mr. E. H. Carbutt, for the purpose of 
considering the use of steel for structural purposes, be reappointed ; that Mr. 
E. H. Carbutt be tbe Secretary. 

That Dr. A. W. Williamson, Professor Sir W. Thomson, Mr. Vincent 
Day, Dr. Siemens, Mr. Merrifield, Mr. Nelson Hancock, Professor Abel, Mr. 
R. Napier, Captain Galton, Mr. Newmarch, Mr. Carbutt, and Mr. Macrory 
be* a Committee for the purpose of watching and reporting to the Council 
nti Patent Legislation *, that Mr. Bramwell be the Secretary. 
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Resolution referred to the Council for consideration and action if it seem 

desirable. 

That the Council be requested to consider, and to take steps if they think 
it desirable, to urge upon H.M. Government the advisability of forming a 
Museum of Scientific Instruments and Chemical Products, as suggested in 
the Memorial presented in June last to the Lord President of H.M. Council. 

That the arrangement of the Journal of Sectional Proceedings be altered, 
and that the list of the papers to be read on the day of issue be placed 
before the list of papers read on the previous day. 

That in future the Presidents-elect of the various Sections be invited to 
confer with the General Secretary, preparatory to the issuing of the first 
number of the Journal, to arrange the order in which the Sectional Addresses 
should be delivered, so as to afford opportunity to the Members of the Asso- 
ciation to attend the several Addresses in those subjects in which they may 
be interested, and that the order in which the Addresses are to be read be 
announced in the first number of the Journal. 


Communications ordered to be 'printed in extenso in the Annual Report of 

the Association . 

That Professor James Thomson’s paper, “ Improved Investigations on the 
Plow of Water through Orifices, with objections to the Modes of Treatment 
commonly adopted,” be printed in extenso in the Reports of the Association. 

That Mr. W. J. Janssen’s paper, " Nitrous Oxide in the Gaseous and 
Liquid States,” be printed in extenso in the Reports of the Association. 

That the paper by Mr. G. Chrystal and Mr. S. A. Saundcr, “On a Com- 
parison of the B.A. Standards of Electrical Resistance,” bo printed in extenso 
among the Reports. 

That the paper by Professor Osborne Reynolds, “ On the Investigation of 
the Steering-qualities of Ships,” be printed in extenso in the Reports of the 
Association together with the necessary Plates. 



SYNOPSIS OP GRANTS OP MONEY. 


Ml 

Synopsis of Grants of Money appropriated to Scientific Purposes by 
the General Committee at the Bristol Meeting in September 1876 . 
The names of the Members who would be entitled to call on the 
General Treasurer for the respective Grants are prefixed. 

Mathematics and Physics . 

♦Everett, Professor. — Underground Temperature £50 0 0 

♦Stokes, Professor. — Reflective Power of Silver and other 

Substances (renewed) 20 0 0 

Thomson, Sir William. — Measurement of the Lunar Disturb- 
ance of Gravity 50 0 0 

♦Tait, Professor. — Thermo-Electricity (renewed) # 50 0 0 

♦Cayley, Professor. — Publication of Tables of Elliptic Functions 250 0 0 

♦Joule, Dr. — Determination of the Mechanical Equivalent of 

Heat 100 0 0 

♦Glaisher, Mr. J. — Luminous Meteors 30 0 0 

Eorbes, Prof. G. — Observation of Atmospheric Electricity in 

India 15 0 0 

Chemistry. 

♦Allen, Mr. — Estimation of Potash and Phosphoric Acid .... 20 0 0 

Wallace, Dr. W. — Light from Coal Gas 20 0 0 

♦Clowes, Dr. E. — Action of Ethyl Bromo-butyrato on Ethyl 

Sodacoto-acetate (renowed) 10 0 0 

♦Armstrong, Dr. — Isomeric Cresols and the Law of Substitution 

in the Phenol Scries (renewed) 10 0 0 

Hartley, Mr. W. N. — Double Compounds of Cobalt and Nickel 10 0 0 

Brown, Prof. Crum. — Quantitative Estimation of Atmospheric 

Ozone 15 0 0 

Hartley, W. N. — Liquid Carbonic Acid in Minerals 20 0 0 

Geology ► 

♦Evans, Mr. J. — Kent’s Cavern Exploration 100 0 0 

♦Lubbock, Sir J., Bart. — Exploration of Victoria Cave, Settle . . 100 0 0 

♦Evans, Mr. J. — Record of the Progress of Geology 100 0 0 

♦Hull, Professor. — Underground Waters in the New Red Sand- 
stone 10 0 0 

♦Herschel, Professor. — Thermal Conductivities of Rocks ...... 10 0 0 

♦Bryce, Dr. — Earthquakes in Scotland 10 0 0 

Topley, Mr. — Sub-Wealden Epxloration 100 0 0 

Carried forward £1100 0 0 


♦ Reappointed. 
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Biology . 

Brought forward ,£1100 0 0 

Gamgee, Prof, — Physiological Action of Ortho-, Pyro-, and * 

Meta-phosphoric Acids 15 0 0 

Hooker, Dr. — Report on the Family of the Dipterocarpero . . 20 0 0 

♦Stain ton, Mr. — Record of Zoological Literature 100 0 0 

♦Huxley, Professor. — Table at the Zoological Station at Naples 75 0 0 

♦Fox, Col. Lane. — Exploration of Ancient Earthworks (renewed) 25 0 0 

♦Fox, Col. Lane. — Instructions for the use of Travellers ...... 25 0 0 

Statistics and Economic Science . » 

♦Farr, Dr. — Anthropometric Committee (partly renewed) .... 100 0 0 

♦Hubbard, Right Hon. J. G. — Common Measure of Value in 


Direct Taxation * 10 0 0 

Mechanics, 

♦Froude, Mr. W. — Instruments for Measuring the Speed of 

Ships (partly renewed) 50 0 0 

Thomson, Sir William. — Secular Experiments on the Elasti- 
city of Wires 100 0 0 


Total .... £1620 0 0 


* Reappointed. 


The Annual Meeting in 1877. 

The Meeting at Plymouth will commence on Wednesday, August 15, 187?. ' 
Place of Meeting in 1878. 

The Annual Meeting of the Association in 1878 will be held at Dublin. 



GENBfcU, StATBMENT. 


lit 


General Statement of Sums which have been paid on Account of Qrantt 
for Scientific Purposes. 



£ 

«* 1 

d. I 

1884. 

Tide Discussions ..... 

20 

0 

0 

1835. 

Tide Discussions 

' 02 

0 

0 

British Fossil Ichthyology 

105 

0 

0 

£107 

0 

6 

1836. 

Tide Discussions 

163 

0 

0 

British Fossil Ichthyology 

105 

0 

0 

Thermometric Observations, fisc. 

50 

0 

0 

Experiments on long-continued 

Heat 

17 

1 

0 

Rain-Gauges 

9 

13 

0 

Refraction Experiments 

15 

0 

0 

Lunar Nutation 

60 

0 

0 

Thermometers 

15 

6 

0 

£434 ' 

14 

J 

1837. 

Tide Discussions 

284 

1 

0 

Chemical Constants 

24 

13 

6 

Lunar Nutation 

70 

0 

0 

Observations on Waves,..,, 

100 

12 

0 

Tides at Bristol 

150 

0 

0 

Meteorology and Subterranean 1 

Temperatuie 

89 

5 

0 

Vitrification Experiments 

150 

0 

0 

Heart Experiments 

8 

4 

6 

Barometric Observations 

30 

0 

0 

Barometers 

11 

18 

6 

£918 

14 

6 

1838. 

Tide Discussions 

29 

0 

0 

British Fossil Fishes 

100 

0 

0 

Meteorological Observations and 

Anemometer (construction) 

100 

0 

0 

Cast Iron (Strength of) 

60 

0 

0 

Animal and Vegetable Substances 

(Pie>evation of) 

19 

1 10 

Railway Constants 

41 

12 

10 

Bristol Tides 

50 

0 

0 

Growth of Plants 

75 

0 

0 

Mu(J in Rivers 

3 

6 

6 

Education Committee ...... 1..... 

50 

0 

0 

Heart Experiments 

5 

3 

0 

Laud and Sea Level..,, 

267 

6 

7 

Subterranean Temperature 

8 

6 

0 

Steam-vessels 

100 

0 

0 

Meteorological Committee ...... 

31 

9 

5 

Thermometers ....... ...... ........ 

10 

4 

O 

£956 

12 

"”2 

1839 . 

Fossil Ichthyology..,. t. •>».. 110 
Meteorological Observations at 

0 

0 

Plymouth 

, 63 

10 


Mechanism; of Waves 

, 144 

2 

0 


^ ifc 

Meteorology and Subterranean 

Temperature. H 

Vitrification Experiment*. 9 4 

Cast-Iron Experiments.. 100 0 

Railway Constants ............... 98 7 

Land and Sea Level.... 274 1 

Steam-vessels’ Engines 100 0 

Stars in Histoire Celeste .. ....... 981 IS 

Stars in Lucaille 11 0 

Stars in 11. A. S. Catalogue. 6 10 

Animal Secretions 10 10 0 

Steam-engines in Cornwall ...... 50 0 0 

Atmospheric Air 10 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies ......... 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Observa- 
tions, Inverness and Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

£1595 1 1 0 


1840. 

Bristol Tides 100 0 0 

Subterranean Temperature ...... 13 13 0 

Heart Experiments 18 19 0 

Lungs Experiments 8 18 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars (Histoire Celeste) 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 204 0 0 

Atmospheric Air 13 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations...... 52 17 0 

Foreign Scientific Memoirs ...... 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Pheno- 
mena 40 0 0 

Meteorological Observations at 

Plymouth 80 0 0 

Maghelical Observations 183 18 9 

jeuiFlfl" - 4 


Bristol Tide- 35 18 *■ 


1841. 

Observations on Waves 30 0 0 

Meteorology and Subterranean 

Temperature 880 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons 0 0 0 

Veins and Abeorbents 3 0 0 

Mud in Rivers 8 0 0 

Marine Zoology 18 18 8 

Skeleton Maps 29 0 6 

Mountain Barometers 0 18 0 

Stars (Histoire Cdteste) 185 0 0 



k 
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£ 

* 

t. 

d. 

Stars (LacailJe) 

79 

5 

0 

Stars (Nomenclature of) ......... 

17 

19 

6 

Stars (Catalogue of) 

40 

0 

0 

Water oil Iron 

50 

0 

0 

Meteorological Observations at 
Inverness 

20 

0 

0 

Meteorological Observations (re- 
duction of) 

25 

0 

0 

Fossil Reptiles 

50 

0 

0 

Foreign Memoirs 

62 

0 

0 

Railway Sections 

38 

1 

6 

Forms of Vessels 

193 

12 

0 

Meteorological Observations at 
Plymouth 

55 

0 

0 

Magnetical Observations 

61 

18 

8 

Fishes of the Old Red Sandstone 

100 

0 

0 

Tides at Leith 

50 

0 

0 

Anemometer at Edinburgh 

69 

1 

10 

Tabulating Observations 

9 

6 

3 

Races of Men 

5 

0 

0 


£1235 10 11 


1842. 

Dynamometric Instruments 113 11 2 

Anoplura Britannia 52 12 0 

Tides at Bristol....... 59 8 0 

Gases on Light 30 14 7 

Chronometers 26 17 6 

Marine Zoology 15 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels’ Engines... 28 0 0 

Stars (Histoire Celeste)..... 59 0 0 

Stars (Brit. Assoc. Cat. of) 110 0 0 

Railway Sections 161 10 0 

British Belemnites 50 0 0 

Fossil Reptiles (publication of 

Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on Rocks 5 8 6 

Meteorological Experiments at 

Plymouth 68 0 0 

Constant Indicator and Dynamo- 
metric Instruments 90 0 0 

Force of Wind 10 0 0 

Light on Growth of Seeds 8 0 0 

Vital Statistics 50 0 0 

Vegetative Power of Seeds 8 lit 

Questions on Human Race ...... 7 9 0 

£1449 17 8 


1843. 

Revision of the Nomenclature of 

Stars 2 0 0 

Reduction of Stars, British Asso- 
ciation Catalogue 25 0 0 

Anomalous Tides, Frith of Forth 120 0 0 
Hourly Meteorological Observa- 
tionsat Kingussie and Inverness 77 12 8 

Meteorological Observations at 

Plymouth 55 0 0 

Whettell's Meteorological Ane- 
mometer at Plymouth 10 0 0 


£ «. d. 

Meteorological Observations* Os- 
ier’s Anemometer at Plymouth 20 0 0 
Reduction of Meteorological Ob- 
servations 30 0 0 

Meteorological Instruments and 

Gratuities 39 6 0 

Construction of Anemometer at 

Inverness 56 12 2 

Magnetic Cooperation 10 8 10 

Meteorological Recorder for Kew 

Observatory 50 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Observa- 
tory, Wages, Repairs, Furni- 
ture and Sundries 133 4 7 

Experiments by Captive Balloons 81 8 0 

Oxidation of the Rails of Railways 20 0 0 
Publication of Report on Fossil 

Reptiles 40 0 0 

Coloured Drawings of Railway 

Sections 147 18 3 

Registration of Earthquake 

Shocks 30 0 0 

Report on Zoological Nomencla- 
ture 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 6 

Vegetative Power of Seeds 5 3 8 

Marine Testacea (Habits of) ... 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on British 

Fossil Mammalia 100 0 0 

Physiological Operations of Me- 
dicinal Agents 20 0 0 

Vital Statistics 36 5 8 

Additional Experiments on the 

Forms of Vessels 70 0 0 

Additional Experiments on the 

Forms of Vessels 100 0 0 

Reduction of Experiments on the 

Forms of Vessels 100 0 0 

Morin’s Instrument and Constant 

Indicator 69 14 10 

Experiments on the Strength of 

Materials 60 0 0 

£1565^10 2 

1844. 

Meteorological Observations at 
Kingussie and Inverness ...... 12 0 0 

Completing Observations at Ply- 
mouth 35 0 0 

Magnetic and Meteorological Co- 
operation 25 8 4 

Publication of the British Asso- 
ciation Catalogue of Stars 35 0 0 

Observations on Tides on the 

East coast of Scotland |00 0 0 

Revision of the Nomenclature of 

Stars 1842 2 9 6 

Maintaining the Establishment in 

Kew Observatory 117 17 8 

Instruments for KewOb&ervatory 56 7 3 



GENERAL 

£ s. d. 

Influence of Light on Plants... .** 10 0 0 

Subterraneous Temperature in 

Ireland 5 0 0 

Coloured Drawings of Railway 

Sections.... 15 17 6 

Investigation of Fossil Fishes of 

the Lower Tertiary Strata ... 100 0 0 

Registering the Shocks of Earth- 
quakes 1842 23 11 10 

Structure of Fossil Shells 20 0 0 

Radiata and Mollusca of the 

uEgean and Red Seas 1842 100 0 0 

Geographical Distributions of 

Marine Zoology 1842 10 0 0 

Marine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality of 

Seeds 9 0 3 

Experiments on the Vitality of 

Seeds 1842 8 7 3 

Exotic Anoplura 15 0 0 

Strength of Materials 100 0 0 

Completing Experiments on the 

Forms of Ships 100 0 0 

Inquiries into Asphyxia 10 0 0 

Investigations on the Internal 

Constitution of Metals 50 0 0 

Constant Indicator and Morin's 

Instrument 1842 10 3 6 

~ £981 12 8 


1845. 

Publication of the British Associa- 


tion Catalogue of Stars 

Meteorological Observations at 

351 

14 

6 

Inverness 

Magnetic and Meteorological Co- 

30 

18 

11 

operation 

Meteorological Instruments at 

16 

16 

8 

Edinburgh 

Reduction of Anemometrical Ob- 

18 

11 

9 

servations at Plymouth 

Electrical Experiments at Kew 

25 

0 

0 

Observatory 

Maintaining the Establishment in 

43 

17 

8 

Kew Observatory 

For Kreii's Barometrograpli 

149 

15 

0 

25 

0 

0 

Gases from Iron Furnaces 

50 

0 

0 

The Acti nograph 

15 

0 

0 

Microscopic Structure of Shells 

20 

0 

0 

Exotic Anoplura 1843 

10 

0 

0 

Vitality of Seeds 1843 

2 

0 

7 

Vitality of Seeds 1844 

7 

0 

0 

Marine Zoology of Cornwall ... 

10 

0 

0 

Physiological Action of Medicines 
Statistics of Sickness and Mor- 

20 

0 

0 

tality in York 

20 

0 

0 

Earthquake Shocks 1843 

15 

14 

8 

£830 

9 

9 


1846. 

British Association Catalogue of 

Stars 1844 211 15 0 

Fossil Fishes of the London Clay 100 0 0 


STATEMENT, M 

£ t. d. 

Computation of the Gaussian 

Constants for 1829 50 0 0 

Maintaining the Establishment at 

Kew Observatory 146 16 7 

Strength of Materials 60 0 0 

Researches in Asphyxia 6 16 2 

Examination of Fossil Shells 10 0 0 

Vitality of Seeds 1844 2 15 10 

Vitality of Seeds 1845 7 12 3 

Marine Zoology of Cornwall...... 10 0 0 

Marine Zoology of Britain ...... * 10 0 0 


Expenses attending Anemometers 11 7 6 

Anemometers' Repairs 2 3 6 

Atmospheric Waves 3 3 3 

Captive Balloons .......1844 8 19 3 

Varieties of the Human Race 

1844 763 

Statistics of Sickness and Mor- 

tality in York .................. 12 9 0 

£685"T6“() 


1847. 

Computation of the Gaussian 

Constants for 1829 50 0 0 

Habits of Marine Animals 10 0 0 

Physiological Action of Medicines 20 0 0 

Marine Zoology of Cornwall 10 0 0 

Atmospheric Waves 6 9 3 

Vitality of Seeds 4 7 7 

Maintaining the Establishment at 

Kew Observatory 107 8 J5 

"£208 5 4 


1848. 

Maintaining the Establishment at 

Kew Observatory 171 15 II 

Atmospheric Waves 3 10 9 

Vitality of Seeds .................. 9 15 0 

Completion of Catalogues of Stars 70 0 0 

On Colouring Matters 5 0 0 

On Growth of Plants 15 0 0 

£275 1 8 

1849. 

Electrical Observations at Kew 

Observatory 50 0 0 

Maintaining Establishment at 

ditto 76 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants 5 0 0 

Registration of Periodical Phe- 
nomena 10 0 6 

Bill on account of Anemometrical 

Observations 13 9 0 

£159 19 6 


1850. 

Maintaining the Establishment at 

Kew Observatory 255 18 0 

Transit of Earthquake Waves ... 50 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instruments, 

Azores 25 0 6 


£345 IS 0 



m 
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£ .. d, 

1851. 

Maintaining the Establishment at 
Kew ()l».'4‘riaio:> ilncLides pan 

of grant in 1849) ..... 309 0 2 

Theory of Heat 20 l 1 

Periodical Phenomena of Animals 

and Plants 0 0 0 

Vitality of Seeds 0 0 4 

Influence of Solar Radiation 30 0 0 

Ethnological Inquiries 12 0 0 

Researches pn Annelida ... 10 0 0 

4391 9 7 

1852. ' 
Maintaining the Establishment at 

K*w Observatory (including 
balance of grant for 1850) ... 233 17 8 

Experiments on the Conduction 

of Heat 5 2 9 

Influence of Solar Radiations ... 20 0 0 

Ideological Map of Ireland 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Vitality of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 

4304 6 7 

1853. 

Maintaining the Establishment at 

Kew Observatory , 165 0 0 

Experiments on the Influence of 

Solar Radiation 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Dredging on the East Coast of 

Scotland 10 0 0 

Ethnological Queries 5 0 0 

4205 0 6 

1854. 

Maintaining the Establishment at 
Kew Observatory (including 

balance of former grant) 330 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

British Annelida 10 0 0 

Vitality of Seeds , 5 2 3 

Conduction of Heat 420 

~ 4380 To 7 

1855. ‘ 
Maintaining the Establishment at 

Kew Observatory ............... 425 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 5 

Vitality of Seeds 10 7 II 

Map of the World 15 0 0 

Ethnological Queries,, 5 0 0 

Dredging near Belfast 4 0 0 

4480 1 6 4 

1856 * ^ 

Maintaining the Establishment at 
Kew Observatory : — 

1854 4 75 0 01 . 

1855 4500 0 0/ 575 0 0 


4 #. d 

Strickland’s Ornithological Syno- 
nyms 100 0 0 

Drtdghig and Dredging Tonus... 9 13 8 

Chemical Action of l.ight 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of Periodical Pheno- 
mena 10 0 0 

Propagation of Salmon ............ 1<? 0 0 

4734 13 9 

1857. . 5 ■ 

Maintaining the Establishment at 

Kew Observatory .... 350 0 0 

Earthquake Wave Experiments. . 40 0 0 

Dredging near Belfast 10 0 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Investigations into the Mollusca 

of California 10 0 0 

Experiments on Flax 5 0 0 

Natural History of Madagascar. . 20 0 0 

Researches on British Annelida 25 0 0 

Report on Natural Products im- 
ported into Liverpool 10 0 0 

Artificial Propagation of Salmon 10 0 0 

Temperature of Mines 7 8 0 

Thermometers for Subterranean 

Observations 5 7 4 

Life-Boats 5 0 0 

4507 15 4 

1858. 

Maintaining the Establishment at 

Kew Observatory 500 0 0 

Earthquake Wave Experiments.. 25 0 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Dredging near Dublin 5 0 0 

Vitality of Seeds 5 5 0 

Dredging near Belfast 18 13 2 

Report on the British Annelida... 25 0 0 

Experiments on the production 
of Heat by Motion in Fluids ... 20 0 0 

Report on the Natural Products 

imported into Scotland 10 0 0 

4618 18 2 

1859. 

Maintaining the Establishment at 

Kew Observatory 500 0 0 

Dredging near Dublin 15 0 0 

Osteology of Birds 50 0 0 

Irish Tunicate 5 0 0 

Manure Experimcuts ............ 20 0 0 

British Medusidoe * 5 0 0 

Dredging Committee 5 0 0 

Steam -vessels* Performance 5 0 0 

Marine Fauna of South and West 

of Ireland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents.,.., 39 1 1 0 

46 S I I i i 

1860. ’ 
Maintaining the Establishment 

of Kew Observatory 500 0 0 

Dredging near Belfast 16 6 0 

Dredging in Dublin Bay, .......... 15 0 0 



general statement* 


law 


£ >. d. 

Inquiry Into the Performance of 

Steam-vessels 124 0 0 

Explorations in the Yellow Sand- 
stone of Dura Den 20 0 0 

Chemica-mechanical Analysis of 

Rocks and Minerals.. 25 0 0 

Researches on the Growth of 

Plants 10 0 0 

Researches on the Solubility of 

Salts., 30 0 0 

Researches on the Constituents 

of Manures 25 0 0 

Balance of Captive Balloon Ac- 

Clill!" 1 13 6 

XisMI 7 0 


J861. 

Maintaining the Establishment 

of Kew Observatory 500 

Earthquake Experiments 25 

Dredging North and East Coasts 

of Scotland 23 

Dredging Committee s— 


1861 ‘£22 0 0/ 72 

Excavations at Dura Den 20 

Solubility of Salts 20 

Steam-vessel Performance 150 

Fossils of Lesmahago 15 

Explorations at Uriconium . , w ; 20 

Chemical Alloys 20 

Classified Index to the Transac- 
tions 100 

Dredging in the Mersey and Dee 5 

Dip Circle 30 

Photoheliographic Observations 50 

Prison Diet 20 

Gauging of Water 10 

Alpine Ascents * 6 

Constituents of Manures 25 


£l\li 


0 0 
0 0 

0 0 


0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
5 1 
0 0 
5 10 


1862. 

Maintaining the Establishment 

of Kew Observatory 500 0 0 

Patent Laws 216 0 

Mollusca of N.-W. America 10 0 0 

Natural History by Mercantile 

Marine 5 0 0 

Tidal Observations ............... 25 0 0 

Photoheliometer at Kew 40 0 0 

Photographic Pictures of the Sun 150 0 0 

Rocks of Donegal 25 0 0 

Dredging Durham and North- 
umberland 25 0 0 

Connexion of Storms 20 0 0 

Dredging North-east Coast of 

Scotland. .......................... 6 2 6 

Ravages of Teredo 3 11 0 

Standards of Electrical Resistance 50 0 0 

Railway Accident# 10 0 0 

Balloon Committee 200 0 0 

Dredging Dublin Bay 10 0 0 

Dredging the Mersey 5 0 0 

Prison Diet 20 0 0 

Gauging of Water........ 12 10 0 


£ a. d. 

.Steamships’ Performance ......... 150 0 0 

Thermo-Electric Current# n .,.. #00 

£1298 16 6 

1663. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee deficiency... 70 0 0 

Balloon Ascents (other expenses) 25 0 Q 

Entozoa.,... 25 P 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal 5 0 0 

Prison Diet... 20 0 0 

Vertical Atmospheric Movements 13 0 0 

Dredging Shetland 50 0 0 

Dredging North-east coast of 

Scotland 25 0 0 

Dredging Northumberland and 

Durham 17 3 10 

Dredging Committee superin- 
tendence 10 0 0 

Steamship Performance 100 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temperature 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Construction and distribu- 
tion 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 

Photoheliograph 100 0 0 

Thermo-Electricity 15 0 0 

Analysis of Rocks . 8 0 0 

Hydroida 10 0_ 0 

£1608 3 ~ 10 


1864. 

Maintaining the Establishment 


of Kew Observatory.. 600 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging Shetland 75 0 0 

Dredging Northumberland 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Resistance 100 0 0 

Analysis of Rocks . 10 0 0 

Hydroida 10 0 0 

Aakbam's Gift 50 0 0 

Nitrite t)f Amyle 10 0 0 

Nomenclature Committee ...... 5 0 0 

Rain-Gauges 12 15 0 

Cast-Iron Investigation 20 0 0 

Tidal Observations in the Humber 50 0 0 

Spectral Ray® 45 0 0 

Luminous Meteors 20 0 0 

£ 1289 15 8 

1 805 , "* TT " 

M attaining the Estabii*bm«it 

of Kew Observatory...... 000 0 0 

Balloon Committee 100 0 0 

Hydroida 13 0 0 
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£ #. d. 

Rain-Gauges 30 0 0. 

Tidal Observations in the Humber 6 8 0 

Hexylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollnsca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation 10 0 0 

Eurypterus 50 0 0 

Electrical Standards 100 0 0 

Malta Caves Researches 30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Researches 150 0 0 

Kent's Hole Excavations 100 0 0 

Moon's Surface Observations ... 35 0 0 

Marine Fauna 25 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies in 

Water 100 0 0 

Bath Waters Analysis 8 10 0 

Luminous Meteors 40 0 0 

£1591 7 To 
1866. — 

Maintaining the Establishment 

of Kew Observatory.... 600 0 0 

Lunar Committee 64 13 4 

Balloon Committee 50 0 0 

Metrical Committee 50 0 0 

British Rainfall 50 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf-Bed 15 0 0 

Luminous Meteors 50 0 0 

Lingula Flags Excavation 20 0 0 


Chemical Constitution of Cast 


Iron 50 0 0 

Amyl Compounds 25 0 0 

Electrical Standards 100 0 0 

Malta Caves Exploration 30 0 0 

Kent's Hole Exploration 200 0 0 

Marine Fauna, &c., Devou and 

Cornwall 25 0 0 

Dredging Aberdeenshire Coast.. 25 0 0 

Dredging Hebrides Coast 50 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies in 

Water 50 0 0 

Polycyanides of Organic Radi- 
cals 20 0 0 


Rigor Mortis 10 0 0 

Irish Annelida 15 0 0 

Catalogue of Crania... 50 0 0 


Didine Birds of Mascarene Islands 50 0 0 


Typical Crania Researches 30 0 0 

Palestine Exploration Fund 100 0 0 


£1750 13 4 


1867. 

Maintaining the Establishment 


of Kew Observatory. 600 0 0 

Meteorological Instruments, Pa- 
lestine 50 0 0 

&unar Committee........ .......... 120 0 0 


£ 8 t &, 

Metrical Committee 30 0 0 

Kent's Hole Explorations 100 0 0 

Palestine Explorations 50 O 0 

Insect Fauna, Palestine 30 0 0 

British Rainfall... 50 0 0 

Kilkenny Coal Fields 25 0 0 

Alum Bay Fossil Leaf-Bed 25 0 0 

Luminous Meteors 50 0 0 

Bournemouth, &c. Leaf-Beds ... 30 0 0 

Dredging Shetland 75 0 0 

Steamship Reports Condensation 100 0 0 

Electrical Standards 100 0 0 

Ethyle and Methyle series 25 0 0 

Fossil Crustacea 25 0 0 

Sound under Water 24 4 0 

North Greenland Fauna 75 0 0 

Do. Plant Beds ... 100 0 0 

Iron and Steel Manufacture ... 25 0 0 
Patent Laws 30 0 0 

£1739 4 0 

1868. 

Maintaining tl.o r-'tablishment 

of Kcm Ohicn.itoij 600 0 0 

Lunar Committee 120 0 0 

Metrical Committee 50 0 0 

Zoological Record 100 0 0 

Kent's Hole Explorations 150 0 0 

Steamship Performances 100 0 0 

British Rainfall 50 0 0 

Luminous Meteors 50 0 0 

Organic Acids 60 0 0 

Fossil Crustacea 25 0 0 

Methyl series 25 0 0 

Mercury and Bile 25 0 0 

Organic remains in Limestone 

Rocks 25 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall ... 30 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf-beds 50 0 0 

Greenland Explorations ......... 100 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Spectroscopic investigations of 

Animal Substances 5 0 0 

Secondary Reptiles, &c 30 0 0 

British Marine Invertebrate 
Fauna 100 0 0 

£1940 0 0 

1869. ““ 

Maim. lining the Establishment 

of hen Oht-matory 600 0 0 

Lunar Committee 50 0 0 

Metrical Committee.. 25 0 0 

Z io'.ig.ru 1 . R-rmd . . 100 0 0 

CVi! ,, i.:n-e on Ga-"* in Deep- 

well Water 25 0 0 

British Rainfall [ 50 0 0 

Thermal Conductivity of Iron, 

&c 30 0 0 

Kent's Hole Explorations 150 0 0 

Steamship Performances...,...,. 30 0 0 
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Chemical Constitution of Cast 


Iron 80 0 0 

Iron and Steel Manufacture ... 100 0 0 

Methyl Series 30 0 0 

Organic remains in Limestone 

Rocks 10 0 0 

Earthquakes in Scotland 10 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf-Beds 30 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 30 0 0 

Spectroscopic Investigations of 

Animal Substances 5 0 0 

Organic Acids 12 0 0 

Kiltorcan Fossils 20 0 0 

Chemical Constitution and Phy- 
siological Action Relations .. . 15 0 0 

Mountain Limestone Fossils .. .. 25 0 0 

Utilization of Sewage 10 0 0 

Products of Digestion 10 0 0 


£1622 00 

1870. 

Maintaining the Establishment of 


Kew Observatory COO 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Marine Fauna ... 20 0 0 

Ears in Fishes 10 0 0 

Chemical nature of Cast Iron ... 80 0 0 

Luminous Meteors 30 0 0 

Heat in the Blood 15 0 0 

British Rainfall 100 0 0 

Thermal Conductivity of Iron &c. 20 0 0 

British Fossil Corals 50 0 0 

Kent’s Hole Explorations 150 0 0 

Scottish Earthquakes 4 0 0 

Bagshot Leaf-Beds 15 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Kiltorcan Quarries Fossils 20 0 0 

Mountain Limestone Fossils ... 25 0 0 

Utilization of Sewage 50 0 0 

Organic Chemical Compounds... 30 0 0 

Onny River Sediment 3 0 0 

Mechanical Equivalent of Heat 50 0 0 


£71572 0 0 

1871. 

• : i of 


Kew Observatoiy 600 0 0 

Monthly Reports of Progress in 

Chemistry 100 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Thermal Equivalents of the 

Oxides of Chlorine 10 0 0 

Tidal Observations 100 0 0 

Fossil Flora 25 0 0 


Luminous Meteors 

£ 

30 

s. 

0 

</. 

0 

British Fossil Corals 

25 

0 

0 

Heat in the Blood 

7 

2 

6 

British Rainfall 

50 

0 

0 

Kent’s Hole Explorations 

150 

0 

0 

Fossil Crustacea* 

25 

0 

0 

Methyl Compounds 

25 

0 

0 

Lunar Objects 

20 

0 

0 

Fossil Corals Sections, for Pho- 




tographing 

20 

0 

0 

Bagshot Leaf-Beds 

20 

0 

0 

Moab Explorations 

100 

0 

0 

Gaussian Constants 

40 

0 

0 

£1472 

2 

6 

1872. ~ 


mmmm 


Maintaining the Establishment of 



Kew Observatory 

300 

0 

0 

Metrical Committee 

75 

0 

0 

Zoological Record 

100 

0 

0 

Tidal Committee 

200 

0 

0 

Carboniferous Corals 

25 

0 

0 

Organic Chemical Compounds 

25 

0 

0 

Exploration of Moab 

100 

0 

0 

Terato-Embryological Inquiries 

10 

0 

0 

Kent’s Cavern Exploration 

100 

0 

0 

Luminous Meteors 

20 

0 

0 

Heat in the Blood 

15 

0 

0 

Fossil Crustacea . 

25 

0 

0 

Fossil Elephants of Malta 

25 

0 

0 

Lunar Objects 

20 

0 

0 

Inverse Wave-Lengths 

20 

0 

0 

British Rainfall 

100 

0 

u 

Poisonous Substances Antago- 




nisra 

10 

0 

o 

Essential Oils, Chemical Consti- 



tution, &c 

40 

0 

0 

Mathematical Tables 

50 

0 

0 

Thermal Conductivity of Metals 

25 

0 

0 

£1285 

0 

0 

1873. ■“ 


’ " 


Zoological Record 

100 

0 

0 

Chemistry Record 

200 

0 

0 

Tidal Committee 

400 

0 

0 

Sewage Committee 

100 

0 

0 

Kent’s Cavern Exploration 

150 

0 

0 

Carboniferous Corals 

25 

0 

0 

Fossil Elephants 

25 

0 

0 

Wave-Lengths 

150 

0 

0 

British Rainfall 

100 

0 

0 

Essential Oils 

30 

0 

0 

Mathematical Tables 

300 

0 

0 

Gaussian Constants 

10 

0 

0 

Sub-Wealden Explorations 

25 

0 

0 

Underground Temperature 

150 

0 

0 

Settle Cave Exploration ......... 

50 

0 

0 

Fossil Flora, Ireland 

20 

0 

0 

Timber Denudation and Rainfall 

20 

0 

0 

Luminous Meteors 

30 

0 

0 

£1685 

0 

0 
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£ s. d. 

1874. 

Zoological Record 100 0 0 

Chemistry Record 100 0 0 

Mathematical Tables 100 0 0 

Elliptic Functions 100 0 0 

"Lightning Conductors 10 0 0 

Thermal Conducl ivit\ of Rocks 10 0 0 
Anthropological Instructions, 

&c SO 0 0 

Rent’s Cavern Kxp!>-ri. a .oii . . 150 0 0 

Luminous Meteors 30 0 0 

Intestinal Secretions 15 0 0 

British Rainfall 100 0 0 

Essential Oils 10 0 0 

Sub-Wealdeii Exploration*! . 25 0 0 

Cave exploration . 50 0 0 

Mauritius Meteorological Re- 
search 100 0 0 

V-jin*- T--. 20 0 0 

\It. ,,, !ic ( »rgvi -r.» . 30 0 0 

Fossils, North-west of Scotland 2 10 0 

Physiological Action of Light. . 20 0 0 

Trades Unions 25 0 0 

Mountain-Limestone Corals ... 25 0 0 

Erratic Blocks 10 0 0 

I), ■ T> .rharn and York- 

-\rr< «*'- 28 5 0 

High temperature of Bodies ... 30 0 0 

Siemens’s Pyrometer 3 6 0 

Labyrinthodonts of Coal-Mea- / 
sures 7 15 0 


AT 151 16 0 

1875. > 

Elliptic Functions 100 0 0 

Magnetization of Iron............ 20* 0 0 

British Rainfall 120 0 0 

Luminous Meteors 30 0 0 

Chemistry Record 100 0 0 

Specific volume of Liquids ... 25 0 0 

Estimation of Potash and Phos- 
phoric Acid 10 0 0 

Isometric Cresols 20 0 0 


£ s. d. 

Sub-Wealden Explorations 100 0 0 

Kent’s Cayern Exploration 100 0 0 

Settle Cave Exploratidn 50 0 0 

E , iri1i(j!.. , dn*- in Scoslimd 15 0 0 

l mirror- m:»u I \Vni* rs 10 0 0 

Development of Myxinoid 

Fishes 20 0 0 

Zoological Record 100 0 0 

Instructions for Travellers 20 0 0 

Intestinal Secretion 20 0 0 

Palestine Exploration.. ^100 P 0 

A960 (To 

1876. 

Printing Mathematical Tables . 159 4 2 

British Rainfall 100 0 0 

Ohm’s Law 9 15 0 

Tide Calculating Machine 200 0 0 

Specific Volume of Liquids ... 25 0 0 

Isomeric Cresols 10 0 0 

Action of Ethyl Broraobutyrate 

on Ethyl Sodaceto-acetate ... 5 0 0 

Estimation of Potash and Phos- 
phoric Acid 13 0 0 

Exploration of Victoria Cave, 

Settle 100 0 0 

0 \ R -d 100 0 0 

K-* ( ■' I *p . - 100 0 0 

Thermal Conductivities©!* Rocks 10 0 0 

Underground Waters 10 0 0 

Earthquakes in Scotland 1 10 0 

Zoological Record 100 0 0 

Close Time 5 0 0 

Physiological Action of Sound . 25 0 0 

Zoological Station 75 0 O 

Intestinal Secretions 15 0 0 

Physical Characters of Inhabi- 
tants of British Isles 1315 0 

Measuring Speed of Ships 10 0 0 

Effect of Propeller on turning 

of Steam Vessels 5 0 0 


1 1092 4 2 
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General Meetings . 

On Wednesday, September G, at 8 p.m., in the Garden Palace, Botanic 
Gardens, Sir John Hawkshaw, C.E., F .R.S., F.G.S., President, resigned the 
office of President to Professor Thoihas Andrews, M.D., LL.D., F.R.S., who 
took the Chair, and delivered an Address, for which see page lxviii. 

On Thursday, September 7, at 8 p.m., two Soirees took place, one in the 
Royal Exchange, list' oilier in the Corporation Galleries. 

On Fiida\. .Splendor 8, at 8.30 p.m., in the Garden Palace, Botanic 
Gardens, Professor Tait, F.R.S.E., delivered a Discourse on “ Force.” 

On Saturday, September 0, at 0 p.m., in the City Hall, Commander 
Cameron, R.N., C.B., delivered a Lecture, on <f A Journey through Africa,” 
to the Working Classes of Glasgow. 

On Monday, September 11, at 8.30 p.m., in the Garden Palace, Botanic 
Gardens, Professor Wyville Thomson, LL.D., F.R.S., delivered a Discourse 
on “ Tho 4 Challenger 9 Expedition.” 

On Tuesday, September 12, at 8 p.m., a Soiree took place in the Garden 
Palace, Botanic Gardens. 

On Wednesday, September 13, at 2.30 p.m., the concluding General Meeting 
took place, when the Proceedings of the General Committee, and the Grants 
of Money for Scientific purposes, were explained to the Members. 

The Meeting was then adjourned to Plymouth*. 


* The Meeting is appointed to take place on Wednesday, August 15, 1877* 
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OP 

THOMAS ANDREWS, M.D., LL.D., 

F.R.S., Hon.F.R.S.E., Etc. 

PRESIDENT. 


Six and thirty years have passed over since the British Association for the 
Advancement of Science held its tenth meeting in this ancient city, and 
twenty-one years have elapsed sinco it last assembled here. The representa- 
tives of two great Scottish families presided on these occasions ; and those who 
had the advantage of hearing the address of the Duke of Argyll in 1855 
will recall the gratification they enjoyed while listening to the thoughtful 
sentiments which reflected a mind of rare cultivation and varied acquire- 
ments. On the present occasion I have undertaken, not without anxiety, 
the duty of filling an office at first accepted by one whom Scotland and the 
Association would alike have rejoiced to see in this Chair, not only as a 
tribute to his own scientific services, but also as recognizing in him the 
worthy representative of that long line of able men who have upheld the 
preeminent position attained by the Scottish schools of medicine in the middle 
of the last century, when the mantle of Boerhaave fell upon Monro and 
Cullen. 

The task of addressing this Association, always a difficult one, is not ren- 
dered easier when the meeting is held in a place which presents the rare 
combination of being at once an ancient seat of learning and a great centre 
of modern industry. Time will not permit me to refer to the distinguished 
men who in early days have left here their mark behind them ; and I regret 
it the more, as there is a growing tendency to exaggerate the value of later 
discoveries, and to underrate the achievements of those who have lived beforo 
us. Confining our attention to a period reaching back to little more than a 
century, it appears that during that time three new sciences arose, at least 
as far as any science can be said to have a distinct origin, in this city of 
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Gb-gnu — E\i Miir.' ui..l Chemistry, Political Economy, and Mechanical 
Engineerin':. It is now conceded that Black laid the foundation of modern 
chemistry ; and no one has ever disputed the claims of Adam Smith and of 
Watt to having not only founded, but largely built up, the two great branches 
of knowledge with which their names will always be inseparably connected. 
It was here that Dr. Thomas Thomson established the first school of Practical 
Chemistry in Great Britain, and that Sir W. Hooker gave to the chair of 
Botany a European celebrity ; it was here that Graham discovered the law 
of gaseous diffusion and the properties of polybasic acids ; it was here that 
Sienhouse and Anderson, llankine and J. Thomson mado some of their finest 
discoveries; and it was here that Sir William Thomson conducted his 
physico-mathematical investigations, and invented those exquisite instru- 
ments, valuable alike for ocean telegraphy and for scientific use, which arc 
among the finest trophies of recent science. Nor must the names of Tennant, 
Mackintosh, Neilson, Walter Crum, Young, and Napier be omitted, who, 
with many others in this place, have made large and valuable additions to 
practical science. 

The safe return of the ( Challenger/ after an absence of three and a half 
years, is a subject of general congratulation. Our knowledge of the varied 
forms of animal life, and of the remains of animal life, which occur, it is now 
known, over largo tracts of the bed of the ocean, is chiefly derived from the 
observations made in the 4 Challenger ’ and in the previous deep-sea expedi- 
tions which were organized by Sir Wyville Thomson and Dr. Carpenter. 
The physical observations, and especially those on the temperature of the 
ocean, which were systematically conducted *.:■■■ 1 ; the whole voyage of 
the 4 Challenger/ have already supplied valuable data for the resolution of 
the great question of ocean- currents. Upon this question, which has been 
discussed with singular ability, hut under different aspects, by Dr. Carpenter 
and Mr. Croll, I cannot attempt here to enter; nor will I venture to forestall, 
by any crude analysis of my own, the narrative which Sir W. Thomson has 
kindly undertaken to give of his own achievements and of those of his staff 
during their long scientific cruise. 

Another expedition, which has more than fulfilled the expectations of the 
public, is Lieutenant Cameron’s remarkable journey across the continent of 
Africa. It is by such enterprises, happily conceived and ably executed, that 
we may hope at no distant day to see the Arab slave-dealer replaced by tbo 
legitimate trader, and the depressed populations of Africa gradually brought 
within the pale of civilized life. 

Erom the North Polar Expedition no intelligence has been received; nor 
can we expect for some time to hear whether it has succeeded in the crown- 
ing object of Arctic enterprise. In the opinion of many, tho results, scientific 
or other, to he gained by a full survey of the Arctic regions can never be of 
such value as to justify the risk and cost which must be incurred. But it is 
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not by cold calculations of this kind that great discoveries are made or great 
enterprises achieved, There is an inward and irrepressible impulse — in indi- 
viduals called a spirit of adventure, in nations a spirit of enterprise — which 
impels mankind forward to explore every part of the world we inhabit, 
however inhospitable or difficult of access ; and if the country claiming the 
foremost place among maritime nations shrink from an undertaking because 
it is perilous, other countries will not be slow to seize the post of honour. If 
it be possible for man to roach the poles of the earth, whether north or south, 
the feat must sooner or later be accomplished ; and the country of the success- 
ful adventurers will be thereby raised in the scale of nations. 

The passage of Venus over the sun’s disk is an event which cannot be 
passed over without notice, although many of the circumstances connected 
with it have already become historical. It was to observe this rare astro- 
nomical phenomenon, on the occasion of its former occurrence in 1769, that 
Captain Cook’s memorable voyage to the Pacific was undertaken, in the 
course of which he explored the coast of New South Wales, and added that 
great country to tho possessions of the British Crown. 

As the transit of Yenus gives the most exact method of mb id,,: t.j the 
distance of the earth from the sun, extensive preparations were made on tho 
last occasion for observing it at selected stations — from Siberia in northern, 
to Kerguelen’s Land in southern latitudes. The great maritime powers vied 
with each other to turn the opportunity to tho best account; and Lord 
Lindsay had tho spirit to equip, at his own expense, the most complete ex- 
pedition which left the shores of this country. Some of the most valuable 
stations in southern latitudes were desert islands, rarely freo from mist or 
tempest, and without harbours or shelter of any kind. The landing of the 
instruments was in many cases attended with great difficulty and even per- 
sonal risk. Photography lent its aid to record automatically the progress of 
the transit; and M. Janssen contrived a revolving plate, by means of which 
from fifty to sixty images of the edge of the sun could be taken at short 
intervals during the critical periods of tho phenomenon. 

The observations of M. Janssen at Nagasaki, in Japan, were of special 
interest. Looking through a violet-bluo glass he saw Yenus, two or three 
minutes before the transit began, having the appearance of a pale round spot 
near the edge of the sun. Immediately after oontact tho segment of tho 
planet’s disk, as seen on tho face of the sun, formed with what remained of 
this spol a complete circle. The pale spot when first seen was, in short, a 
partial eclipse of the solar corona, which was thus proved beyond dispute to 
be a luminous atmosphere surrounding the sun. Indications were at the 
same time obtained of the existence of an atmosphere around Yenus. 

The mean distance of the earth from the sun was loi?g supposed to have 
been fixed vitfiin a very small limit of error at about 95,000,000 miles. 
The accuracy of this number had already been called in question on theo- 
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retioal grounds by Hansen and Leverrier, when Foucault, in 1862, decided 
the question by an experiment of extraordinary delicacy. Taking advantage 
of the revolving-mirror, with which Wheatstone had some time before 
enriched the physical sciences, Foucault succeeded in measuring tho absolute 
velocity of light in space by experiments on a beam of light, reflected 
backwards and forwards, within a tube little more than thirteen feet in 
length. Combining tho result thus obtained with what is called by astrono- 
mers the constant of aberration, Foucault calculated tho distance of the earth 
from the sun, and found it to be ono thirtieth part, or about 3,000,000 miles, 
less than tho commonly received number. This conclusion has lately been 
confirmed by M. Cornu, from a new determination ho has made of tho 
velocity of light according to tho method of Fizeau ; and in complete accord- 
ance with these results are the investigations of Leverrier, founded on a 
comparison with theory of the observed motions of the sun and of tho 
planets Yenus and Mars. It remains to be seen whether tho recent obser- 
vations of tho transit of Venus, when reduced, will bo sufficiently concordant 
to fix with oven greater precision the true distance of the earth from the 
sun. 

In this brief reference to one of the finest results of modern science, 
I have mentioned a great name whose loss England has recently had to 
deplore, and in connexion with it the name of an illustrious physicist whoso 
premature death deprived France, a few years ago, of ono of her brightest 
ornaments — Wheatstone and Foucault, ever to he remembered for their 
marvellous power of eliciting, like Galileo and Newton, from familiar 
phenomena the highest truths of nature! 

The discovery of Huggins that some of the fixed stars are moving to- 
wards and others receding from our system, has been fully confirmed by 
a careful sories of observations lately made by Mr. Christie in the Observa- 
tory of Greenwich. Mr. Huggins has not been able to discover any indications 
of a proper motion in the nebulae ; but this may arise from the motion of 
translation being less than the method would discover. Few achievements 
in the history of science are more wonderful than the measurement of tho 
proper motions of the fixed stars, from observing tho relative position of two 
delicate lines of light in the field of the telescope. 

The observation of 'the American astronomer Young, that bright lines, 
-pondiiur to tho ordinary lines of Fraunhofer reversed, may be scon in 
the lower strata of tho solar atmosphere for a few moments during a total 
celipso, has been confirmed by Mr. Stone, on the occasion of tho total eclipse 
of the sun which occurred some time ago in South Africa. In the outer 
corona, or higher regions of the sun’s atmosphere, a single green line only 
was seen, the same which had been already described by Young. 

I can here refer only in general terms to the observations of Eoscoe and 
Schuster on the absorption-hands of potassium and sodium, and to the in- 
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vestigations of Loekycr on the absorptive powers of metallic and metalloidal 
vapours at different, temperatures. From the vapour of calcium the latter 
has obtained two wholly distinct spectra, one belonging to a low, and the 
other to a high temperature. Mr. Lockyer is also engaged on a new and 
greatly extended map of the solar spectrum. 

Spectrum analysis has lately led to the discovery of a new metal — gallium 
— the fifth whose presence has been first indicated by that powerful agent. 
This discovery is due to M. Lccoq dc Boisbaudran, already favourably known 
by a work on the application of the spectroscope to chemical analysis. 

Our knowledge of aorolites has of late years been greatly increased ; and I 
cannot occupy a few moments of your timo more usefully than by briefly 
referring to the subject. Ho recently as I860 the most remarkable meteoric 
fall on record, not even excepting that of L’Aigle, occurred near the village of 
New Concord in Ohio, On a day when no thunder-clouds were visible, loud 
sounds were heard resembling claps of thunder, followed by a large fall of 
meteoric stones, some of which were distinctly seen to strike the earth. One 
stone, above 50 pounds in weight, buried itself to the depth of two feet in 
the ground, and when dug out was found to be still warm. In 1872 another 
remarkable meteorite, at first seen as a brilliant star with a luminous train, 
burst near Orvinio in Italy, and six fragments of it were afterwards collected. 

Isolated masses of metallic iron, or rather of an alloy of iron and nickel, 
similar in composition and properties to the iron usually diffused in 
meteoric stones, have been found here and there on the surface of the 
earth, some of large size, as one described by Pallas, which weighed about 
two thirds of a ton. Of the meteoric origin of these masses of iron there 
is little room for doubt, although no record exists of their fall. Sir Edward 
Sabine, whose life has been devoted with rare fidelity to the pursuit of 
science, and to whose untiriDg efforts this Association largely owes the 
position it now occupies, was the pioneer of the newer discoveries in meteoric 
science. Eight and fifty years ago he visited with Captain Boss the northern 
shores of Baffin’s Bay, and made the interesting discovery that the knife- 
blades used by the Esquimaux in the vicinity of tbo Arctic highlands were 
formed of meteoric iron. This observation was afterwards fully confirmed ; 
and scattered blocks of meteoric iron have been found from time to time 
around Baffin’s Boy. But it was not till 1870 that the meteoric treasures 
of Baffin’s Bay were truly discovered. In that year Nordcnskiold found, at 
a part of the shore difficult of approach even in moderate weather, enor- 
mous blocks of meteoric iron, the largest weighing nearly twenty tons, im- 
bedded in a ridge of basaltic rock. The interest of this observation is greatly 
enhanced by tho circumstance that these masses of meteoric iron, like the 
basalt with which they are associated, do not belong to the present geologi- 
cal epoch, but must have fallen long before the actual arrangement of land 
and sea existed, — during, in short, tho middle Tertiary, or Miocene period of 
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Lvell. The meteoric origin of these iron masses from Ovifak 1ms been 
called in question by Lawrence Smith ; and it is no doubt possible that they 
may have been raised by upheaval from the interior of the earth. I have 
indeed myself shown by a magneto- chemical process that metallic iron, in 
particles so fine that they have never yet been actually seen, is everywhere 
diffused through the Miocene basalt of Slieve Mish in Antrim, and may 
likewise be discovered by careful search in almost all igneous and in many 
metamorphic rocks. These observations have sinco been verified by Benss in 
the case of the Bohemian basalts. But, as regards the native iron of Ovifak, 
the weight of evidence appears to bo in favour of the conclusion, at which M. 
Daubree, after a careful discussion of the subject, has arrived — that it is 
really of meteoric origin. This Ovifak iron is also remarkable from con- 
taining a considerabe amount of carbon, partly combined with the iron, 
partly diffused through the metallic mass in a form resembling coke. In 
connexion with this subject, I must refer to the able and exhaustive memoirs 
of Maskelyne on the Busti and other aerolites, to the discovery of vanadium 
by It. Apjohn in a meteoric iron, to the interesting observations of Sorby, 
and to the researches of Daubree, "Wohler, Lawrence Smith, Tschermak, and 
others. 

The important services which the Kew Observatory lias rondcrod to 
meteorology and to solar physics have been fully recognized ; and Mr. Gassiot 
has had the gratification of witnessing the final success of his long and 
noble efforts to place this observatory upon a permanent footing. A phy- 
sical observatory for somewhat similar objects, but on a larger scale, is in 
course of erection, under the guidance of M. Janssen, at Fonlenayin France, 
and others arc springing up or already exist in Germany and Italy. It is 
earnestly to be hoped that this country will not lag behind in providing 
physical observatories on a scale worthy of the nation and commensurate 
with the importance of the object. On this question I cannot do bettor 
than refer to the high authority of Dr. Balfour Stewart, and to the views he 
expressed in his aide address last year to the Physical Section. 

Weather telegraphy, or the repoiting by telegraph the state of the weather 
at selected stations to a central office, so that notico of the probable approach 
of storms may be given to the seaports, has become in this country an 
organized system ; and considering the little progress meteorology has made 
as a science, the results may be considered to be on the wholo satisfactory. Of 
the warnings issued of late years, four out of five were justified by the 
occurrence of gales or strong winds. Few storms occurred for which no 
warnings had been given ; but unfortunately among these were some of the 
heaviest gales of the period. The stations from which daily reports arc sent 
to tlio mcieondogb al office in London embrace the whole coast of Western 
Europe, including the Shetland Isles. It appears that atmospheric disturb- 
ances seldom cross the Atlantic without being greatly altered in character. 
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and thpt the origin qf most of our storms lies eastward of the longitude of 
Newfoundland* 

As regards the velocity of the wind, the cup-anemometer of Dr. Robinson 
has fully realized the expectations of its discoverer; and the venerable 
astronomer of Armagh has been engaged during the past summer, with all 
the ardour of youth, in a course of laborious experiments to determine the 
constants of his instrument. Prom seven years’ observations at the Observa- 
tory of Armagh, be has found that the mean velocity of the wind is 
greatest in the S.S.W. octant and least in the opposite one, and that the 
amount of wind attains a maximum in January, after which it steadily 
decreases, with one slight exception, till July, augmenting again till the end 
of the year. 

Passing to the subject of electricity, it is with pleasure that I have to 
announce the failure of a recent attempt to deprive Oerstedt of his great 
discovery. It is gratifying thus to find high reputations vindicated, and 
names which all men love to honour transmitted with undiminished lustre 
to posterity. At a former meeting of this Association, remarkable for an 
unusual attendance of distinguished foreigners, the central figure was 
Oerstedt. On that occasion Sir John Ilerschel in glowing language compared 
Oerstedt’ s discovery to the blessed dew of heaven which only the master- 
mind could draw down, but which it was for others to turn to account and 
use for the fertilization of the earth. To Pranklin, Volta, Coulomb, Oerstedt, 
Ampere, Paraday, Seebock, and Ohm are duo the fundamental discoveries of 
modern electricity — a science whose applications in Davy’s hands led 1 q 
grander results than alchemist ever dreamed of, and in the hands of others 
(among whom Wheatstone, Morse, and Thomson occupy the foremost place) to 
the marvels of the** electric telegraph. When we proceed from the actual 
phenomena of electricity to the molecular conditiqns upon which those 
phenomena depend, we are confronted with questions as recondite as any 
with which the physicist has had to deal, but towards the solution of which 
the researches of Paraday have contributed the most precious materials. The 
theory of electrical and magnetic action occupied formerly the powerful minds 
of Poisson, Green, and Gauss ; and among the living it will surely not bo 
invidious to cite the names of Weber, Helmholtz, Thomson, and Clerk Max- 
well. The work of the latter on electricity is an original essay worthy in 
every way of the groat reputation and of the clear and far-seeing intellect 
of its author. 

Amopg recent investigations I must refer to Professor Tait’s discovery of 
consecutive neutral points in certain thermo-electric junctions, for which- he 
was lately awarded the Keith prize* This discovery has been' the result of 
an elaborate investigation of the properties of thermo-elecUic currents, and 
is specially interesting in reference to the theory of dynamical electricity. 
Nor can I omit to mention the very interesting and original experiments of 
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Dr, Kerr on the dielectric state, from which it appears that when electricity 
of high tension is passed through dielectrics, a change of molecular arrange- 
ment occurs, slowly in the case of solids, quickly in the case of liquids, and 
that the lines of electric force are in some cases lines of compression, in 
other cases lines of extension. 

Of the many discoveries in physical science due to Sir William Grove, 
the earliest and not the least important is the battery which hears his name, 
and is to this day the most powerful of all voltaic arrangements ; hut with a 
Grove’s battery of 50 or even 100 cells in vigorous action, the spark will not 
pass through an appreciable distance of cold air. By using a very large 
number of cells, carefully insulated and charged with water, Mr. Gassiot 
succeeded in obtaining a short spark through air ; and lately De La Eue and 
Muller have constructed a largo chloride-of-silvcr battery giving freely sparks 
through cold air, which, when a column of pure water is interposed in 
the circuit, accurately resemble those of the common electrical machine. 
The length of the spark increasing nearly as the square of the number 
of cells, it has been calculated that with 100,000 elements of this battery 
the discharge should take place through a distance of no Igsb than eight 
feet in air. 

In the solar beam we have an agent of surpassing power, the investiga- 
tion of whose properties by Newton forms an epoch in the history of experi- 
mental science scarcely less important than the discovery of tho law of 
gravitation in the history of physical astronomy. Tlirco actions characterize 
tho solar beam, or, indeed, more or less that of any luminous body — tho 
heating, the physiological, and the chemical. In the ordinary solar beam 
wo can modify the relative amount of theso actions by passing it through 
different media, and we can thus have luminous rays with little heating or 
little chemical action. In the case of the moon’s rays it required tho highest 
skill on the part of Lord Kosse, even with all the resources of the ol^t-nnlory 
of Parson stown, to investigate their heating properties, and to show that the 
surface of our satellite facing tho earth passes, during overy lunation, through 
a greater range of temperature than the difference between tho freezing- and 
boiling-points of water. 

But if, instead of taking an ordinary ray of light, wo analyze it as Nowton 
did by the prism, and isolate a very fine line of the spectrum (theoretically a 
lino of infinite tenuity), that is to say, if we tako a ray of definite rofrangi- 
bility, it will he found impossible by screens or otherwise to alter its pro- 
perties. It was his clear perception of tho truth of this principle that led 
Stokes to his great discovery of tho cause of epipolic dispersion, in which he 
showed that many bodies had tho power of absoibing dark rays of high 
refrangibility and of emitting them as luminous rays of lower refrangibility-— 
of absorbing, in short, darkness and of emitting it as light. If is not, 
indeed, an easy matter in all cases tb say whether a given effect is due to 
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iho action of heat or light ; and the question which of these forces is the 
efficient agent in causing the motion of the tiny disks in Crookes’s radiometci 
has given rise to a good deal of discussion. The answer to this quostion in- 
volves the same principles as those by which the image traced on the daguerreo- 
type plate, or the decomposition of carbonic acid by the leaves of plants, is 
referred to the action of light and not of heat ; and applying these principles 
to the experiments made with the radiometer, the weight of evidence appears 
to be in favour of the view that the repulsion of the blackened surfaces of 
the disks is duo to a thermal reaction occurring in a highly rarefied medium. 
I have myself had the plcasuro of witnessing many of Mr. Crookes’s experi- 
ments, and I cannot sufficiently express my admiration of the care and skill 
with which he has pursued this investigation. The remarkable repulsions 
he has observed in the most perfect vacua hitherto attained are interesting, 
not only as having led to the construction of a beautiful instrument, but as 
being likely, when tho subject is fully investigated, to give valuablo data for 
the theory of molecular actions. 

A singular property of light, discovered a short time ago by Mr. V ' ' \ 

Smith, is its power of diminishing the electrical resistance of tho element 
selenium. This property has hecn ascertained to belong chiefly to the luminous 
rays on the red side of tho spectrum, being nearly absent in the violet or 
more refrangible rays and also in heat-rays of low refrangibility. The 
recent experiments of Prof. W. G. Adams have fully established the accuracy 
of the remarkable observation, first made by Lord Itosse, that the action ap- 
peared to vary inversely as the simple distance of the illuminating source. 

Switzerland sent, some years ago, as its representative to this country the 
celebrated Do la Eive, whose scientific life formed lately the subject of an 
eloquent eloge from the pen of M. Dumas. On this occasion we have to 
welcome, in General Mcnabrea, a distinguished representative both of the 
kingdom of Italy and of Italian science. Ilis great work on the determina- 
tion of tho pressures and tensions in an clastic system is of too abstruse a 
character to bo discussed in this address ; but the principle it contains may 
bo briefly stated in the following words : — “ When any clastic system places 
itself in equilibrium under the action of external forces, the work developed 
by the internal forces is a minimum.” General Mcnabrea has, however, other 
and special claims upon us here, as the friend to whom Babbage entrusted tho 
task of making known to the world the principles of his analytical machine 
— a gigantic conception, the effort to realize which it is known was one of 
the chief objects of Babbage’s later life. The latest development of this con- 
ception is to be found in the mechanical integrator of Prof. J. Thomson, in 
which motion is transmitted, according to a new kinematic principle, from a 
disk or cone to a cylinder through the intervention of a loose ball, and in 
Sir W. Thomson’s machine for the mechanical integration of differential 
equations of the second order. In the exquisite tidal machine of tho latter 
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w© have an instrument by means of which the height of the tide at a given 
port can be accurately predicted for all times of tho day and night. 

The attraction-meter of Siemens is an instrument of great delicacy for 
measuring horizontal attractions, which it is proposed to use for recording 
the attractive influences of the sun and moon, upon which tho tides depend. 
The bathometer of the same able physicist is another remarkable instrument, 
in which the constant force of a spring is opposed to the variable pressure of 
a column of mercury. By an easy observation of the bathometer on ship- 
board, tho depth of tho sea may be approximately ascertained without the 
use of a sounding-line. 

The Loan Exhibition of Apparatus at Kensington has been a complete 
success, and cannot fail to be useful, both in extending a knowledge of 
scientific subjects and in promoting scientific research throughout the country. 
Unique in character, but most interesting and instructive, this exhibition 
will, it is to be hoped, be the precursor of a permanent museum of scientific 
objects, which, like the present exhibition, shall bo a record of old, as well 
as a representation of new inventions. 

It is often difficult to draw a distinct line of separation between the phy- 
sical and chemical sciences ; and it is perhaps doubtful whether the division 
is not really an artificial one. The chemist cannot, indeed, make any large 
advanco without having to deal with physical principles ; and it is to Boyle, 
Dalton, Gay-Lussac, and Graham that we owo the discovery of tho mecha- 
nical laws which govern tho properties of gases and vapours. Some of these 
laws have of late been mado the subject of searching inquiry, which has 
fully confirmed their accuracy, when the body under examination approaches 
to what has not inaptly been designated the ideal gaseous state. But when 
gases are examined under varied conditions of pressure and temperature, it 
is found that these laws arc only particular cases of more general laws, and 
that tho laws of the gaseous state, as it exists in nature, although they may 
be enunciated in a precise and definite form, are very different from the 
simple expressions which apply to the ideal condition. The new Jaws be- 
come in their turn inapplicable when from the gaseous state proper we 
pass to those intermediate conditions which, it has been shown, link with 
unbroken continuity the gaseous and liquid states. As wo approach tho 
liquid state, or even when wo reach it, the problem becomes more com- 
plicated ; but its solution even in these cases will, it may confi dently ho 
expected, yield to the powerful means of investigation we now possess. 

Among the mere important researches made of late in physical chemistry, 
I may mention those of E. Weber on the specific heat of carbon and the 
allied elements, of Berthelot on thermo-chemistry, of Bunsen on spectrum 
analysis, of Wiillner on the band- and line-spectra of the gases, and of 
Guthrie on tho cryohydrates. 

Cosmical chemistry is a science of yesterday ; and yet it already abounds in 
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foots of the highest interest. Hydrogen, which, if the absolute zero of the 
physicist does not bar the way, we may hope yet to see in the metallic form, 
appears to be, everywhere present in the universe. It exists in enormous 
quantity in the solar atmosphere, and it has been discovered in the atmo- 
spheres of the fixed stars. It is present, and is the only known element of 
whose presence we are certain, in those vast sheets of ignited gas of which 
the nebulas proper are composod. Nitrogen is also widely diffused among 
the Btellar bodies, and carbon has been discovered in more than one of the 
comets. On the other hand, a prominent line in the spectrum of the Aurora 
Borealis has not been identified with that of any known element ; and the 
question may be asked: — Does a new element, in a highly rarefied state, 
exist in the upper regions of our atmosphere ? or are we with Angstrom to 
attribute this line to a fluorescent or phosphorescent light produced by the 
electrical discharge to which the aurora is due ? This question awaits further 
observations before it can be definitely settled, as does also that of the source 
of the remarkable green line which is everywhere conspicuous in the solar 
corona. 

I must here pause for a moment to pay a passing tribute to the memory 
of Angstrom, whose great work on the solar spectrum will always remain as 
one of the finest monuments of the science of our period. The influence, 
indeed, which the labours of Angstrom and of Kircbhoff have exerted on the 
most interesting portion of later physics can scarcely be exaggerated ; and it 
may be truly said that there are few men whose loss will be longer felt or 
more deeply deplored than that of the illustrious astronomer of lips ala. 

I cannot pursue this subject further, nor refer to the other terrestrial 
elements which are present in the solar and stellar atmospheres. Among 
the many elements that make up the ordinary aerolite, not one has been 
discovered which does not occur upon this earth. On the whole we arrive at 
the grand conclusion that this mighty universe is chiefly built up of the samo 
materials as the globe we inhabit. 

In the application of science to the useful purposes of life, chemistry and 
mechanics have run an honourable race. It was in the valley of tho Clyde 
that the chief industry of this country received, within the memory of many 
here present, an extraordinary impulse from the application by Neilson of 
the hot blast to the smelting of iron. The Bessemer steel process and the 
regenerative furnace of Siemens are later applications of high scientific prin- 
ciples to the same industry. But there is ample work yet to be done. The 
fuel consumed in the manufacture of iron, as, indeed, in every furnace where 
coal is used, is greatly in excess of what theory indicates ; and the clouds of 
smoke which darken the atmosphere of our manufacturing towns, and even 
of whole districts of country, are a clear indication of the waste, but only of 
a small portion of the waste, arising from imperfect combustion. Tho de- 
pressing effect of this aimosphere upon the working population can scarcely 
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be overrated. Their pale, I had almost said etiolated, faces are a sure indi- 
cation of the absence of the vivifying influohce of the solar rays, So essential 
to the maintenance of vigorous health. The chemist can furnish a simple 
test of this state of the atmosphere in the absence of Ozdile, the active form 
of oxygen, from the air of our large towns. At some future day the efforts 
of science to isolate, by a cheap and available process, tbe oxygen of the 
air for industrial purposes may be rewarded with success. The effect of such 
a discovery would be to reduce the consumption of fuel to a fractional part 
of its present amount ; and although the carbonic acid would remain, the 
smoke and carbonic oxide would disappear. But an abutidant supply of pure 
oxygen is not now within our reach ; and in the mean time may I venture to 
suggest that in many localities the waste products of the furnace might be 
carried off to a distance from the busy human hive by a few horizontal flues 
of large dimensions, terminating in lofty chimneys on a hillside or distant 
plain ? A system of this kind has long been employed at tbe mercurial mines 
of Idria, and in other smelting-works where noxious vapours are (lisongnirod. 
With a little care in the arrangements, the smoke would he wholly deposited, 
as flue-dust or soot, in the horizontal galleries, and would be available for 
tho use of tho ngrimlhirM. 

Tbe future historian of organic chomistry will have to record a succession 
of beneficent triumphs, in which the efforts of science have led to results of 
tho highest value to the wellbeing of man. The discovery of quinine has 
probably saved more human life, with the exception of that of vaccination, 
than any discovery of any age ; and he who succeeds in devising an artificial 
method of preparing it will be truly a benefactor of tbe race. Not tho least 
valuable, as it has been one of the most successful, of the works of our 
Government in India, has • been the planting of the cinchona-tree on the 
slopes of tho Himalaya. As artificial methods are discovered, one by one, of 
preparing tbe proximate principles of the useful dyes, a temporary derange- 
ment of industry occurs, but in the end the waste materials of our manufac- 
tures set free large portions of the soil for the production of human food. 

Tho ravages of insects have ever been tho terror of the agrb 'iliurM. and 
the injury they inflict is often incalculable. An enemy of this class, carried 
over from America, threatened lately with ruin somo of the finest vine 
districts in the south of Prance. The occasion has called forth a chemist of 
high renown ; and in a classical memoir recently published, HI. Dumas ap- 
pears to have resolved the difficult problem. His method, although immedi- 
ately applied to the Phylloxera of the vine, is a general one, and will no 
doubt be found serviceable in other cases. In the apterous state the Phyl- 
loxera attacks the roots of the plant • and the most efficacious method hitherto 
known of destroying it has been to inundate the vineyard. After a long and 
patient investigation, M. Dumas has discovered that the sulphocarbonate of 
potassium, in dilute solution, fulfils every condition required from an insecti- 
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tide, <:< M.-qjhig the insect without injuring the plant. The process requires 
time and patience ; but the trials in the vineyard have fully confirmed the 
experiments of the laboratory. 

The application of artificial cold to practical purposes is rapidly extending ; 
and, with the improvement of the ice-machine, the influence of this agent 
upon our supply of animal food from distant countries will undoubtedly be 
immense. The icc-machine is already employed in paraffin-works and in 
large breweries ; and the curing or salting of meat is now largely conducted 
in vast chambers, maintained throughout the summer at a constant tempera- 
ture by a thick covering of ice. 

I have now completed this brief review, rendered difficult by the abun- 
dance, not by the lack of materials. Even confining our attention to tho 
few branches of science upon which I havo ventured to touch, and omitting 
altogether the whole range of pure chemistry, it is with regret that I find 
myself constrained to make only a simple reference to the important work of 
Cayley on tho Mathematical Theory of Isomers, and to elaborate memoirs 
which have recently appeared in Germany on tho reflection of heat- and light- 
rays, and on the specific heat and < -sidm :!• u- ?■«•* . :■ of gases for heat, by 
Knoblauch, E. Wiedemann, Winkelmnnn, and Buff. 

Tho decline of scicnco in England formed the theme, fifty years ago, of an 
elaborate essay by Babbage ; but the brilliant discoveries of Faraday soon 
after wiped off the reproach. I will not venture to say that tho alarm which 
has lately arisen, hero and elsewhere, on the seme subject will prove to 
be equally groundless. The duration of every great outburst of human 
activity, whether in art, in literature, or in science, has always been short, 
and experimental science has made 'gigantic advances during the last three 
centuries. The evidence of any great failure is not, however, very manifest, 
at least in the physical sciences. The journal of Poggcndorff, which has long 
been a faithful record of tho progress of physical research throughout the 
world, shows no signs of flagging; and tho Jubclband by which Germany 
celebrated the fiftieth year of PoggendorfFs invaluable services was at the 
same time an ovation to a scientific veteran, who has perhaps done more 
than any man living to encourage the highest forms of research, and a proof 
that in Northern Europe the physical sciences continue to bo ably and 
actively cultivated. If in chemistry the case is somewhat weaker, the ex- 
planation, at least in this country, is chiefly to be found in the demand on 
the part of the public for professional aid from many of our ablest chemists. 

But whatever view be taken of the actual condition of scientific research, 
there can he no doubt that it is both the duty and the interest of the country 
to encourage a pursuit so ennobling in itself, and fraught with such impor- 
tant consequences to the wellbeing of the community. Nor is there any 
question in which this Association, whose special aim is tho advancement of 
science, can fake a deeper interest. The public mind has also been awakened 
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to its importance, and is prepared to aid in carrying out any proposal which 
offers a reasonable prospect of advantage. 

In its recent phase the question of scientific research has been mixed up 
with contemplated changes in the great universities of England, and par- 
ticularly in the University of Oxford. The national interests involved on 
all sides are immense, and a false step once taken may be irretrievable. It 
is with diffidence that I now refer to the subjoct, even after having given to 
it the most anxious and careful consideration. 

As regards the higher mathematics, their cultivation has hitherto been 
chiefly confined to the Universities of Cambridge and Dublin, and two great 
mathematical schools will probably be sufficient for the kingdom. The case 
of the physical and natural sciences is different, and they ought to be cul- 
tivated in the largest and widest sense at every complete university. Nor, 
in applying this remark to the English universities, must we forget that if 
Cambridge was the alma mater of Newton and Cavendish, Oxford gave birth 
to the Eoyal Society. The ancient renown of Oxford will surely not suffer, 
while her material position cannot fail to be strengthened, by the expansion 
of scientific studies and the encouragement of scientific research within hen 
walls. Nor ought such a proposal to be regarded as in any way hostile to 
the literary studies, and especially to the ancient classical studies, which 
have always been so carefully cherished at Oxford. If, indeed, there were 
any such risk, few would hesitate to exclaim — let science shift elsewhere for 
herself, and let literature and philosophy find shelter in Oxford ! But there 
is no ground for any such anxiety. Literature and science, philosophy and 
art, when properly cultivated, far from opposing, will mutually aid on© 
another. There will be ample room for all, and, by judicious arrangements, 
all may receive the attention they deserve. 

A University, or Studium Generale, ought to embrace in its arrangements 
the whole circle of studies which involve the material interests of society, as 
well as those which cultivate intellectual refinement. The industries of the 
country should look to the universities for the development of the principles 
of applied as well as of abstract science ; and in this respect no institutions 
have ever had so grand a possession within easy reach as have the univer- 
sities of England at this conjuncture, if only they have the courage to seize it* 
With their historic reputation, their collegiate endowments, their command- 
ing influence, Oxford and Cambridge should continue to be all that they now 
are ; but they should, moreover, attract to their lecture-halls and working 
cabinets students in large numbers preparing for the higher industrial pur** 
suits of the country. The great physical laboratory in Cambridge, founded 
and equipped by the noble representative of the House of Cavendish, has in 
this respect a peculiar significance, and is an important step in the direction 
I have indicated. But a small number only of those for whom this temple 
of science is designed are now to be found in Cambridge. It remains for the 
1876 . / 
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University to perform its part, and to widen its portals so that the nation at 
large may reap the advantage of this well-timed foundation. 

If the Universities, in accordance with the spirit of their statutes, or at 
least of ancient usage, would demand from the candidates for some of the 
higher degrees proof of original powers of investigation, they would give an 
important stimulus to the cultivation of science. The example of many con- 
tinental universities, and among others of the venerable University of Leyden, 
may here he mentioned. Two proof essays recently written for the degree 
of Doctor of Science in Leyden, one by Van der Waals, the other by Lorenz, 
are works of unusual merit ; and another pupil of Professor Rijke is now 
engaged in an elaborate experimental research as a qualification for the same 
degree. 

The endowment of a body of scientific men devoted exclusively to original 
research, without the duty of teaching or other occupation, has of late been 
strongly advocated in this country ; and M. Fremy has given the weight of 
his high authority to a somewhat similar proposal for the encouragement of 
research in France. I will not attempt to discuss the subject as a national 
question, the more so as after having given the proposal the most careful 
consideration in my power, and turned it round on every side, I have failed 
to discover how it could be worked so as to secure the end in view. 

Put whatever may be said in favour of the endowment of pure research as 
a national question, the Universities ought surely never to be asked to give 
their aid to a measure which would separate the higher intellects of the country 
from the flower of its youth. It is only through the influence of original 
minds that any great or enduring impression can be produced on the hopeful 
student. Without original power, and the habit of exercising it, you may 
have an able instructor, but you cannot have a great teacher. No man can 
be expected to train others in habits of observation and thought he has never 
acquired himself. In every age of the world the great schools of learning 
have, as in Athens of old, gathered around great and original minds, and 
never more conspicuously than in the modern schools of chemistry, which 
reflected the genius of Liebig, Wohler, Bunsen, and Hofmann. These 
schools have been nurseries of original research as well as models of scientific 
teaching ; and students attracted to them from all countries became enthu- 
siastically devoted to science, while they learned its methods from example 
even more than from precept. Will any one have the courage to assert that 
organic chemistry, with its many applications to the uses of mankind, would 
have made in a few short years the marvellous strides it has done, if Science, 
now as in mediaeval times, had pursued her work iu strict seclusion, 

Semota ab nostris rebus, seiunctaque longe, 

Ipsa suis pollens opibus, nil indiga nostri ? 

But while the Universities ought not to apply their resources in support 
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of a measure which would render their teaching ineffective, and would at the 
tame time dry up the springs of intellectual growth, they ought to admit 
freely to university positions men of high repute from other universities, and 
even without academic qualifications. An honorary degree does not neces- 
sarily imply a university education ; hut if it have any meaning at all, it 
implies that he who has obtained it is at least on a level with the ordinary 
graduate, and should be eligible to university positions of the highest trust. 

Not less important would it be for the encouragement of learning 
throughout the country that the English Universities, remembering that 
they were founded for the same objects, and derive their authority from a 
common source, should be prepared to recognize the ancient universities of 
Scotland as freely as they have always recognized the Elizabethan University 
of Dublin. Such a measure would invigorate the whole university system 
of the country more than any other I can think of. It would lead to 
the strengthening of the literary element in the northern, and of the 
practical element in the southern universities, and it would bring the highest 
teaching of the country everywhere more fully into harmony with the 
requirements of the times in which we live. As an indirect resnlt, it could 
not fail to give a powerful impulse to literary pursuits as well as to scientific 
investigations. Professors would be promoted from smaller positions in 
one university to higher positions in another, after they had given proofs 
of industry and ability ; and stagnation, hurtful alike to professorial and 
professional life, would be effectually prevented. If this union were estab- 
lished among the old universities, and if at the same time a new univer- 
sity (as I myself ten years ago earnestly proposed) were founded on sound 
principles amidst tho great populations of Lancashire and Yorkshire, the 
university system of the country would gradually receive a large and useful 
extension, and, without losing any of its present valuable characteristics, 
would become more intimately related than hitherto with those great indus- 
tries upon which mainly depend the strength and wealth of the nation. 

It may perhaps appear to many a paradoxical assertion to maintain that 
the industries of the country should look to the calm and serene regions 
of Oxford and Cambridge for help in the troublous times of which we 
have now a sharp and 'severe note of warning. But I have not spoken 
on light grounds, nor without due consideration. If Great Britain is to 
retain the commanding position she has so long occupied in skilled manu- 
facture, the easy ways which (owing partly to the high qualities of her 
people, partly to the advantages of her insular position and mineral wealth) 
have sufficed for the past, will not be found to suffice for the future. 
The highest training which can be brought to bear on practical science 
will be imperatively required ; and it will be a fatal policy if that training 
is to be sought for in foreign lands, because it cannot be obtained at home. 
The country which depends unduly on the stranger for the education of 
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its skilled men, or neglects in its highest places this primary duty, may ex- 
pect to find the demand for such skill gradually to pass away, and along 
with it the industry for which it was wanted. I do not claim for scien- 
tific education more than it will accomplish, nor can it ever replace the 
after- training of the workshop or factory. Bare and powerful minds have, 
it is true, often been independent of it ; but high education always gives an 
enormous advantage to the country where it prevails. Let no one suppose 
I am now referring to elementary instruction, and much less to the active 
Work which is going on everywhere around us, in preparing for examina- 
tions of all kinds. These things are all very useful in their way ; but it is 
not by them alone that the practical arts are to be sustained in the country. 
It is by education in its highest sense, based on a broad scientific founda- 
tion, and leading to the application of science to practical purposes — in itself 
one of the noblest pursuits of the human mind — that this result is to be 
reached. That education of this kind can be most effectively given in a 
university, or in an institution like the Polytechnic School of Zurich, which 
differs from the scientific side of a university only in name, and to a large 
extent supplements the teaching of an actual university, I am firmly con- 
vinced ; and for this reason, among others, I have always deemed the estab- 
lishment in this country of Examining Boards with the power of granting 
degrees, but with none of the higher and more important functions of a 
university, to have been a measure of questionable utility. It is to Oxford 
and Cambridge, widely extended as they can readily be, that the country 
should chiefly look for the development of practical science ; they have abun- 
dant resources for the task ; and if they wish to secure and strengthen their 
lofty position, they can do it in no way so effectually as by showing that in 
a green old age they preserve the vigour and elasticity of youth. 

If any are disposed to think that I have been carrying this meeting into 
dream-land, let them pause and listen to the result of similar efforts to those 
I have been advocating, undertaken by a neighbouring country when on the 
verge of ruin, and steadily pursued by the same country in the climax of its 
prosperity. “ The University of Berlin,” to use the words of Hofmann, 
like her sister of Bonn, is a creation of our century. It was founded in 
the year 1810 , at a period when the pressure of foreign domination weighed 
almost insupportably on Prussia ; and it will ever remain significant of, the 
direction of the German mind that the great men of that time should have 
hoped to develop, by high intellectual training, the forces necessary for the 
regeneration of their country.” It is not for me, especially in this place, to 
dwell upon the great strides which Northern Germany has made of late years 
in some of the largest branches of industry, and particularly in those wliich 
give a free scope for the application of scientific skill. “ Let us not sup- 
pose,” says M. Wurtz in his recent report on the Artificial Dyes, “ that 
the distance is so great between theory and its industrial applications. JEhis 
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report would have been written in vain, if it had not brought clearly into 
view the immense influence of pure science upon the progress of industry* 
If unfortunately the sacred flame of science should burn dimly or be extin- 
guished, the practical arts would soon fall into rapid decay. The outlay 
which is incurred by any country for the promotion of science and of high 
instruction will yield a certain return ; and Germany has not had long to wait 
for the ingathering of the fruits of her far-sighted policy. Thirty or forty 
years ago, industry could scarcely be said to exist there ; it is now .widely 
spread and successful.” As an illustration of the truth of these remarks, I 
may refer to the newest of European industries, but one which in a short 
space of time has attained considerable magnitude. It appears (and I make 
the statement on the authority of M. Wurtz) that the artificial dyes produced 
last year in Germany exceeded in value those of all the rest of Europe, in- 
cluding England and France. Yet Germany has no special advantage for 
this manufacture except the training of her practical chemists. We are not, 
it is true, to attach undue importance to a single case ; but the rapid growth 
of other and larger industries points in the same direction, and will, I trust, 
secure some consideration for the suggestions I have ventured to make. 

The intimate relations which exist between abstract science and its appli- 
cations to the uses of life have always been kept steadily in view by this 
Association, and the valuable Eeports, which are a monument to the industry 
and zeal of its members, embrace every part of the domain of science. It is 
with the greater confidence, therefore, that I have ventured to suggest from 
this Chair that no partition wall should anywhere be raised up between pure 
and applied science. The same sentiment animates our vigorous ally, the 
French Association for the Advancement of Science, which rivalling, as it 
already does, this Association in the high scientific character of its proceed- 
ings, bids fair in a few years to call forth the same interest in science and its 
results, throughout the great provincial towns of France, which the British 
Association may justly claim to have already effected in this country. No 
better proof can be given of the wide base upon which the French Associa- 
tion rests, than the fact that it was presided over last year by an able repre- 
sentative of commerce and industry, and this year by one who has long 
held an exalted 'position in the world of science, and has now the rare di- 
stinction of representing in her historic Academies the literature as well as 
the science of France. 

Whatever be the result of our efforts to advance science and industry, it 
requires no gift of prophecy to declare that the boundless resources which 
the supreme Author and Upholder of the Universe has provided for the use 
of man will, as time rolls on, be more and more fully applied to the im- 
provement of the physical and, through the improvement of the physical, to 
the elevation of the moral condition of the human family. Unless, however, 
the history of the future of our race he wholly at variance with the history 
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of the past, the progress of mankind will be marked by alternate periods 
of activity and repose ; nor will it be the work of any one nation or of 
any one race. To the erection of the edifice of civilized life, as it now 
exists, all the higher races of the world have contributed ; and if the balance 
were accurately struck, the claims of Asia for her portion of the work would 
be immense, and those of Northern Africa not insignificant. Steam-power 
has of late years produced greater changes than probably ever occurred be- 
fore in so short a time. But the resources of Nature are not confined to 
Steam, nor to the combustion of coal. The steady water-wheel and the rapid 
turbine are more perfect machines than the stationary steam-engine ; and 
glacier-fed rivers with natural reservoirs, if fully turned to account, would 
supply an unlimited and nearly constant source of power depending solely 
for its continuance upon solar heat. But no immediate dislocation of indus- 
try is to be feared, although the turbine is already at work on the Rhine and 
the Rhone. In the struggle to maintain their high position in science and its 
applications, the countrymen of Newton and Watt will have no ground for 
alarm bo long as they hold fast to their old traditions, and remember that 
the greatest nations have fallen when they relaxed in those habits of intelli- 
gent and steady industry upon which all permanent success depends. 
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Twelfth Report of the Committee for Exploring Kent’s Cavern > 
Devonshire, the Committee consisting of John Evans, F.R.S., Sir 
John Lubbock, Bart., F.R.S., Edward Vivian, M.A., George 
Busk, F.R.S., William Boyd Dawkins, F.R.S., William Aysh- 
ford Sanford, F.G.S., John Edward Lee, F.G.S., and William 
Pengelly, F.R.S. (Reporter). 

Tiie Eleventh Itcport, presented by the Committee to the Association during 
the Meeting at Bristol in 1875, and read to the Geological Section *, brought 
up the narrative of the exploration to the end of July of that year. Erom 
that date the work, which is still in progress, has been carried on uninter- 
ruptedly, in all respects as in previous years ; and it is intended in the 
present Beport to describe the researches made during the thirteen months 
ending 31st of August of the present year. 

Though the Committee have still the satisfaction of stating that they retain 
the valuable services of George Smerdon, foreman of the work, they have to add 
that Nicholas Luscombe, who had been engaged a short time before the Eleventh 
Beport was drawn up, was obliged to leave very soon afterwards on account of 
illness, and that there was some difficulty in supplying his place, there being 
a great demand for labourers at Torquay. At the beginning of September, 
however, they engaged a young man named William Matthews, who has 
given complete satisfaction, and is still at work in the Cavern. 

The Superintendents have had the pleasure, as in former years, of con- 
ducting a large number of persons into the Cavern, of explaining to them on 
the spot the mode of working, and describing the facts which have been dis- 
covered, as well as of setting forth their bearing on Palaeontology and 
Anthropology. The following may be mentioned as amongst the visitors since 
the Eleventh Beport was presented : — Lord Erskine, Hon. J. C. Erskine, Sir 
J. L. Duntze, Sir L. Palk, Sir J. Walrond, Colonel Bridges, Colonel Buckle 
(Bangalore), Major Lang, Captain E. G. D. Watson, the Bevds. Chancellor 
Benson, T. Hincks, W. 11. Stevenson, and B. B. Wolfe, Dr. Boycott, Professors 

* See Report Brit. Assoc. 1875, pp. 1-13. 
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H. E. Roscoe and W. C. Williamson, and Messrs. A. S. Bicknell, G. E. 
Bicknell, H. €. Browne, J. L. Budgett, T. Budgott, G. Cheney, A. H. Clerk, 
E. Conway, W. W. Crowfoot, C. D. Engelhart (Stockholm), A. E. Fletcher, 
W. Francis, H. Green, C. Hart, H. Hayes, P. Hickson, 8. J. Hickson, T. A. 
Hickson, E. Howard, A. D. Jessup (U. S. A.), A. J. Jones, E. C. Lang, C. J. 
Lilly, C. Pannel, G. Pycroft, 1ST. F. Roberts, E. G. Stone, E. C. Tancock, 
R. H. Tiddeman, W. A. Trail, F. F. Tuekett, A. M. Turnbull (Natal), P. S. 
Wilkinson, R. W. Williamson, J. E. Wolfe, G. Wollen, and a large number 
of ladies. The Cavern has also been visited by numerous persons who have 
been attended by the “ Guide,” i. e . the foreman of the work, under arrange- 
ments laid down by the Superintendents. 

The Great Oven . — Your Committee stated last year that on the 27th of July, 
1875 (five days before their Eleventh Report was drawn up), they began the 
exploration of the small passage or tunnel known as “ The Great Oven,” 
which connects with one another “ The Cave of Inscriptions ” and “ The 
Bear’s Den,” the two remotest chambers of the Cavern. The Great Oven may 
be said to consist of three Reaches, the Eastern, Central, and Western, all of 
them, and especially the Central, being very contracted in height and width. 
The Western Reach (the only one w r hich has been explored) extends tortuously, 
from its commencement in the south-w r cst corner of the Cave of Inscriptions 
towards E.S.E., for a distance of 58 feet, where it is succeeded by the Central 
Reach, and throws off two branches, one in a northerly and the other in a 
southerly direction. At its mouth, or junction with the Cave of Inscriptions, 
it is 8 feet high from the limestone roof to the bottom of the usual four-feet 
excavation made by the Committee. Its width is commonly about 4 feet ; 
but at one point it contracts to 3 feet, and at another expands to 7 feet. 
Throughout its entire length, and especially at and near the entrance, the 
roof and walls have the aspect of a w r ell-worri watercourse. A few small 
lateral ramifications open out of the walls, almost all of them being quite 
empty and well worn by the action of flowing water. How far they extend 
cannot bo determined, as they are too narrow for investigation. 

In the Western Reach of the Great Oven there was no continuous Floor of 
Stalagmite, though here and there portions of such a floor, perhaps never 
continuous, adhered to and projected from the walls ; and pieces of stalagmite, 
as well as detached “ Paps ” of the same material, occurred in the deposit 
below. There was no reason to suppose that earlier explorers had ever 
worked in this branch of the Cavern. 

As in the adjacent chambers and galleries, the deposits consisted of a thin 
layer of “ Cave-earth ” above, and “Breccia” below; aiid throughout the Reach 
the one lay immediately on the other, without any intermediate Crystalline 
Stalagmite, such as occurs in typical sections. At the entrance, and up to 
34 feet from it, the usual four-feet sections failed to reach the bottom of the 
Breccia, so that its depth is undetermined ; but at the point just named, 
tho limestone floor was found at a depth of 3-5 feet below the upper surface 
of the Cave-earth ; and thence to the inner end of the Reach the floor was 
found everywhere at a depth of 4 feet at most, and frequently at but little 
more than 2 feet, thus displaying a continuous Limestone Floor for a length 
of 24 feet — a fact without a parallel in the history of the exploration. At the 
innermost end the height of the Reach w 7 as 8*5 feet, from Limestone Roof to 
Limestone Floor. The upper surface of the Cave-eaith was an irregularly 
inclined plane, ascending 8 feet from the entrance inwards, or rising at a 
ipean gradient of about 1 in 7 ; whilst the Limestone Floor was inclined in the 
same direction at a higher mean gradient and with still greater irregularity. 
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The discoveries in this branch of the Cavern were neither numerous nor 
important. The total number of “ finds,” including the few mentioned in the 
Eleventh Report, amounted to 50. The remains found in the Cave-earth 
included 2 teeth of Hyaena, 6 of Hear, 10 of Ox, 1 plate of a small molar of 
Mammoth, several bones and pieces of bone, including an astragalus of Horse, 
a few coprolites of Hyaena, a portion of a flint flake (No. 6672), and a flint 
chip (No. 6661). 

The flint flake (No. 6672) is of a pretty uniform cream-colour, almost a 
parallelogram in outline, 1 *4 inch long, *7 inch broad, abruptly terminated at 
each end, one of which retains the original surface of the nodule from which 
it was struck, and *3 inch in greatest thickness, which it attains near the 
butt end. The inner face is slightly concave; the outer is very convex, 
and consists of three planes or facets, the central ono commencing near the 
butt end, whilst those on each side of it extend the entire length of the flake. 
Its ridges and (excepting a very few small notches) its lateral edges are quite 
sharp, and show that it can have had little or no wear and tear in any way, 
and that in all probability it reached the spot in which it was found, not by 
the transporting action of water, but by human agency ; in short, that mail 
intentionally took it to, or accidentally left it in, one of the branches of the 
Cavern most remote from the known external entrances. It occurred with 
chips of bone, within a foot of the upper surface of the Cave-earth, 40 feet 
from the mouth of the Great Oven, on 13th October, 1875. 

The specimens found in the Breccia were 8 teeth of Bear and a few bones, 
none of which call for special description. 

Besides the foregoing, there were 2 teeth of Bear and some hones and pieces 
of bone found at and near the junction of the two deposits, where, there 
being no separating stalagmite, it was not always easy to determine whether 
they belonged to the Cave-earth or to the Breccia, without trusting entirely 
to the mineral characters of the specimens themselves. 

The Central or most contracted Reach, that from which the Great Oven 
more especially takes its name, is a perfectly empty tunnel, of elliptical 
transverse section, about 2'75 feet high and 3 25 feet wide, with roof and 
walls and floor so strikingly smooth as to denote a well-worn and completely 
filled watercourse, extending through the limestone in an easterly direction 
for a distance of 20 feet, where it is succeeded by the Eastern Reach, which 
finally terminates in the Bear’s Den, whence its exploration can alone be 
undertaken. 

The two branches which the Western Reach throws off at its inner end, 
one on each side of the Central Reach, are filled with deposits from roof to 
floor ; but as they are, at least at their entrances, very contracted in both 
height and breadth, as the deposits they contain form a most intractable 
concrete, and as tbe specimens found in their vicinity were comparatively 
few an<J unimportant, the Superintendents closed their attempts to explore 
them, at least for the present, a<nd left the Great Oven on 27th October, 
1875, having spent about three months on it. 

The Labyrinth . — Three branches of the Cavern, known as “ The Charcoal 
Cave,” “ Underhay’s Gallery,” and “ The Labyrinth,” open out of the left or 
eastern wall of “ The Long Arcade,” described in previous Reports *. The 
first two have been explored and reported on + ; hut the Committee had 
undertaken no researches in the Labyrinth, the innermost and most important 

* See Reports Brit Assoc. 1872, pp. 44-47 ; 1873, pp. 198-209; and 1874, pp. 3-6. 

t Ibid. 1872, pp. 38-44 ; and 1874, pp. 6-9. 
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of them, -when the Eleventh Report was presented. When Mr. MacEnery 
and his contemporaries commenced their labours in the Cavern, the existence 
of this chamber was probably known to but very few persons, as what 
appeared to be its two entrances must have been so nearly filled with deposits 
of different kinds as to reduce them to the size of mere pigeon-holes ; and it 
is perhaps worthy of remark, by way of confirmation, that though it contained 
large and lofty bosses of stalagmite, such as visitors loved to enrich with 
their names or initials, the only inscription found in it is dated many years 
after the commencement of Mr. MacEnery’s researches. 

The entrance to the Labyrinth is about 190 feet from the mouth of the 
Long Arcade, and 280 feet from the nearest external entrance to the Cavern. 
The name of Labyrinth was given to it on account of the difficulty which, 
without a guide, visitors experienced in threading their way between the 
numerous masses of fallen limestone and the large bosses of stalagmite which 
occupied its floor. In fact it was not only the most bewildering branch of the 
Cavern, but even persons somewhat familiar with the scene so constantly 
“ lost their bearings ” as to be unable, even after emerging from it, to tell 
whether their way out of the Cavern lay to the right hand or to the left. 
“ There was,” says Mr. MacEnery, u a tradition of the loss of life here by a 
young man who ventured to explore it without a guido. It is certain that 
two gentlemen who lost their light and way spent a night of horror here, 
dreading to advance for fear of falling into the pits .... they remained im- 
movable until their friends came to their relief, alarmed by their absence ” *. 

In another passage, speaking of the Labyrinth as “ The Zigzag Route,” 
he says, “ Of the dangerous intricacies of this section of the Cavern a memo- 
rable and nearly fatal illustration occurred during the American War. Some 
officers of the fleet then stationed in Torbay had the hardihood to attempt to 
explore it without a guide. Having lost their clue, they wandered about in 
the vain hope of retracing their steps, during which their torches were burnt 
out. They then groped about in different directions and separated. After a 
night of horror they were released by their friends, who, alarmed at their 
absence, recollected the projected adventure and hastened to their deliver- 
ance ” t. 

The Labyrinth extends from the Long Arcade, in a south-easterly direction, 
for about 46 feet, throwing off three narrow branches at and near its inner 
end. Of these, the central one, opening out of the south-eastern corner, and 
which it is proposed to call “ Matthews’s Passage,” after ono of the workmen, 
leads into the Bear’s Den ; another, the mouth of which is immediately 
adjacent and opens out of the north-eastern wall, has long been famous as 
“ The Little Oven,” and has its other end on the mass of limestone known as 
“ The Bridge at a distance of upwards of 60 feet towards the north ; whilst 
the third, commencing in the southernmost corner, extends for a distance of 
at least from 15 to 20 feet towards the south-west. The Labyrinth is com- 
monly from 17 to 18 feet wide, but expands at one point to 22 feet, and 
contracts at another to 15 feet ; its greatest height is 18 feet, measured from 
the bottom of the excavation. 

The walls and roof, though by no means without traces of the erosive action 
of flowing water, are in most places extremoly rugged, and suggest by their 
fretted aspect that even the last of the numerous blocks of limestone encum- 
bering its floor must have fallen a long time ago. 

* See Trans. Devon. Assoc, vol. iii. (1869), p. 238. 

t Ibid. p. 460. 

J See Report Brit. Assoc. 1873, p. 199. 
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It is separated from the Long Arcade by a massive curtain of limestone, 
descending from the roof to the depth of 9 feet, across a space about 18 feet 
wide, being, so to speak, slightly looped up at each end to form two small 
entrances. Observers unaccustomed to caverns are not unlikely to speculate 
on the cause which prevents the fall of this mass, and to hasten on lest the 
time before the event occurs may be undesirably brief. 

Mr. MacEnery had conducted some diggings in the Labyrinth, and had 
carried them to a depth of at least three feet at one of the entrances, so that 
by assuming a stooping posture ingress and egress became possible. In all 
other parts of the chamber his work was much less deep, and, on account of 
the state of the floor, was necessarily discontinuous. 

Omitting the large blocks of limestone, the deposits were : — First, or upper- 
most, a Floor of Granular Stalagmite, from which there arose several huge 
bosses also of Stalagmite, one of which was 11 feet high above the floor, whilst 
its base occupied a rudely circular space fully 15 feet in mean diameter. 

Second, a layer of Cave-earth, rarely amounting to more than a foot in 
depth, and sometimes to not more than a few inches, whilst it occasionally 
reached as much as 2 feet. 

Third. Though it may be doubted whether there ever was a Floor of the 
more ancient, the Crystalline, Stalagmite in the Labyrinth, the lower, and by 
far the greater, part of the bosses mentioned above was of that variety, and 
was covered with a comparatively thin envelope of the Granular kind, without 
any mechanical deposit between them. 

Fourth, the Breccia, or, so far as is known, the most ancient of the Cavern 
deposits, lay immediately beneath the Cave-earth, from which there was 
nothing to separate it, and extended to a depth exceeding that to which the 
excavations were carried. 

In looking at the facts as they presented themselves, day after day, the 
following appears to be not improbably the history of the deposits in this 
branch of the Cavern. 

During, as well as after, the deposition of the Breccia, with its ursine relics, 
stalagmite, having now a crystalline texture, w r as in course of precipitation, 
and in such a way as to form, not sheets or floors, but bosses of a more or less 
conical form, which, whilst they rested on Breccia, had their lower slopes 
covered with the same material, so that their bases were deeply buried in 
that ancient deposit. After the close of the era of the Breccia, the precipi- 
tation was still carried on, but, as before, in such a way as to add to the 
volume of the bosses , and not to produce a floor. Then came the deposition 
of the Cave-earth, containing remains of Bear, Lion, Fox, Ilysena, Mammoth, 
Rhinoceros, Horse, Ox, and Bird — all of them, with the exception of the first 
three, unknown to the Breccia. Later still was the precipitation of that 
stalagmite which is granular instead of crystalline, and which not only added 
to the dimensions of the already massive bosses, but flowed out in sheets and 
covered the Cave-earth. Whilst all these successive operations were in pro- 
gress, blocks of limestone from time to time fell from the roof — some of them 
being buried in the Breccia at depths the excavators have not reached, some 
lying loose on the Floor of Granular Stalagmite, and others occupying all 
intermediate zones and representing all the intervening periods. 

In order to achieve the thorough exploration of the Labyrinth, it was 
necessary to break up all the bosses of stalagmite with the exception of the 
largest of them, of which a portion has been left intact, it being believed that 
it shows strikingly the utter inadequacy of the data derived from a boss to 
solve the problem of the amount of time represented by a floor , and vice versd . 
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Before directing the workmen, however, to remove any of these stalugrnitio 
accumulations, the Superintendents carefully examined thorn for inscriptions. 
Nevertheless, one inscription was overlooked — that already referred to as the 
only specimen of the kind within the Labyrinth ; and it was not until a 
portion of the largest boss was blasted off that it was found to have on it 
“ G. Knight, June 1, 1836.” 

The upper surface of both the Cave-earth and the Breccia rose, with some 
irregularities, 38 inches from the mouth of the Labyrinth to its innermost 
extremity, giving a mean ascending gradient of about 1 in 17. 

The total number of “ finds ” in this branch of the Cavern was 135, and 
the specimens they included were as follow : — 

Lying on the surface. — Three portions of ribs and two other bones (No. 
6780), the two latter having been cut with a sharp tool, perhaps by an 
existing butcher, and one bone of Bat in a heap of “ Pipes ” of Stalactite, 
probably collected by man. 

In the Granular Stalagmite . — One tooth of Lion. 

In the Cave-earth . — 3 2 teeth of Hyaena, 7 of Bear, 6 of Eox, 3 of Horse, 
2 of Rhinoceros, 3 plates of a molar of a young Mammoth, 1 of Lion, 1 of 
Ox, and 1 of Sheep (of doubtful position) ; several bones and portions of bone, 
including a tarsus of Bird, and two pieces of bone apparently charred ; 1 
coprolite; and 1 small chip of flat. 

In the Crystalline Stalagmite. — 6 teeth of Bear, of which 5 were in one 
and the same jaw. 

In the Breccia. — 215 teeth of Bear, and a considerable number of bones, of 
which many are good specimens. 

As in all other parts of the Cavern where he had made researches, Mr. 
MacEnery simply cast aside the material he dug up, without taking it to the 
exterior for final examination. The Superintendents took outside the 
Cavern the “ broken ground ” met with in the Labyrinth and examined it 
carefully by daylight, as in all previous cases of the kind. It yielded 17 
teeth of Bear, 14 of Hymna (three of them in pieces of jaws), 2 of the Gigantic 
Irish Deer (in part of a jaw), 1 of Deer, 1 of Horse, 1 of Sheep ; bones and 
pieces of bone ; and part of a Crab’s claw, no doubt quite recent. 

The exploration of the Labyrinth, commenced on October 28, 1875, was 
completed on July 10, 1876, upwards of 8 months having been spent on it. 

Matthews's Passage. — Having finished their researches in the Labyrinth, 
the Committee proceeded at once to explore the small branch leading from it 
to the Bear’s Den, and termed, as already stated, Matthews’s Passage, thus 
leaving the two other and adjacent small ramifications to be undertaken on 
some future occasion. To this course they were tempted partly on account 
of the severe and protracted labour which, from their very limited breadth 
and the character of their deposits, must attend the excavation of these 
branches, and partly by the wealth of osseous remains which, from Mr. Mac- 
Enery’s description, they are likely to find in the Bear’s Den. 

Matthews’s Passage consists of two Reaches : the first, opening out of the 
Labyrinth, extends for about 14 feot towards the south-east, whero the 
second turns sharply towards east-north- east, and after a somewhat tortuous 
course for about 15 feet, enters the Bear’s Don. Their height is from 9 to 
10 feet almost everywhere (measuring, as usual, from the bottom of the 
excavation, which nowhere reaches the limestone floor), and they vary from 3*5 
feet to 7 feet in width. The walls and roof, the latter especially, bear evident 
traces of the erosive action of a flowing stream, succeeded by the corrosion 
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due, no doubt, to acidulated water, as the surfaces are much fretted. Holes, 
having the aspect of mouths of small watercourses, open out of the walls and 
roof in various places ; and about midway in the Second Reach the roof rises 
into a small water- worn dome, from the apex of which a cylindrical due ascends 
into the limestone, and, like tho watercourses just mentioned, iB quite 
empty. 

There were but scanty traces of a Stalagmitic Floor in the First Reach, in 
which, however, the earlier explorers had here and there broken ground ; 
but throughout tho entire length of tho Second Roach a Floor of Granular 
Stalagmito extended from wall to wall, varying from 10 to 24 inches in 
thickness ; and at about 10 feet from its entrance there was also a portion of 
a Floor of Crystalline or old Stalagmite adhoring to the left wall, whence it 
probably never extended to the opposite side. It was about 15 inches thick, 
below and almost in contact with the Granular Floor, but separated from it 
by a layer of Cave-earth about one inch thick. 

The mechanical deposits in tho First Reach were tho usual thin layer of 
Cave-earth above, and tho Breccia of unknown depth below; but in the 
Second Reach the space beneath tho Stalagmitic Floor was mainly occupied 
with large loose masses of limestone, some of which roquired to bo blasted 
more than once in order to remove them. Tho spaces between them were 
filled with Cave-earth or Breccia, with comparatively few specimens of any 
kind. 

The upper surface of the Cavo-carth was almost perfectly horizontal in the 
First Reach ; but in tlio Second there was a gradual and total ascent of 27 
inches, giving a mean gradient of about 1 in 7 for that Roach. 

Matthews’s Passage yielded a total of 49 “ finds,” consisting of specimens 
which may be thus distributed : — 

In the Cave-earth. — 20 teeth of Hyaena (some of them in portions of jaws), 
2 of Bear, 1 of an immature Mammoth, 1 of Fox, and a considerable 
number of bones, many of them being more or less broken and a few of 
them gnawed. 

In the Breccia. — 100 teeth of Bear and a large number of bones, including 
many good specimens. Tho richest “ finds ” were met with in a small 
narrow recess in the outer angle at tho junction of the two Reaches, where 
the teeth and bones lay huddled confusedly together, suggesting that a rush 
of water had probably carried them to the spot they occupied. 

No trace of man was detected in any part of this branch of the Cavern. 

The exploration of Matthews’s Passage, begun on 11th July, 1870, was 
completed on 31st August, having- occupied about 7 weeks : and operations 
were commenced in the Bear’s Hen on 1st September. 

In looking over {he work accomplished, and the discoveries made, since 
the Eleventh Report was presented at Bristol in 1875, the following note- 
worthy facts present themselves : — 

1 st. In their Eleventh Report the Committee sketched the distribution in 
the Cavern of the remains of the various species of Mammals which characterize 
the Cave-earth. Of this sketch the following is a brief summary: — The 
Hyama had been met with wherever the Cave-earth was found ; the Hare had 
not been detected anywhere in the “ Western Division ” of the Cavern — 
that most remote from the external entrances ; the Badger, Wolf, and Ox 
had not been found beyond the “ Charcoal Cave ; ” and relics of Horse, 
Rhinoceros, Deer, Fox, Elephant, and Lion had not appeared beyond the 
“ Long Arcade.” 
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The discoveries which have since been made require that this sketch should 
be corrected in the following particulars : — Eemains of Ox, Horse, Rhinoceros, 
Deer (?), Pox, Elephant, and Lion have all now been found beyond the Long 
Arcade, in one or more of the three branches of the Cavern explored sinco 
the Bristol Meeting. In all other particulars the distribution remains at 
present as sketched in 1875. 

2nd. Ho tooth, or, so far as is at present known, other trace of Machairodus 
latidens has been met with since the last Report was drawn up. In short, the 
only evidence of the presence in the Cavern of this extinct species of Mammal 
which the Committee have detected during the continuous labour of almost 
twelve years, is the ono solitary, but well-marked, incisor found 29th July, 
1872 — a fact well calculated to impress one with the unsatisfactory nature 
of merely negative evidence. It cannot be doubted that had this compara- 
tively small specimen been overlooked, the palaeontologists who, prior to its 
discovery, were sceptical respecting the occurrence of Machairodus in Kent’s 
Hole, as stated by Mr. MacEnery, would have believed their scepticism to be 
strongly confirmed by the labours of your Committee, whilst the number of 
their followers would have been greatly increased. 

3rd. As has been alroady stated, the Committee commenced the exploration 
of the Labyrinth on 28th October, 1875, and from that time to 31st August, 
1876 (a period of upwards of ten months), they were occupied in it and in 
Matthews’s Passage, both of which they completely explored ; yet, during all 
that time, and in those two important branches of the Cavern, they found no 
trace whatever of prehistoric man. Had your Committee, on receiving their 
appointment from the British Association in 1864, commenced their researches 
in eithor of the branches just named (and such a course was by no means 
without its advocates), instead .>f 1 ■ S.t .: .t the external mouth of the 
Cavern and proceeding thence ! ■. the successive chambers and 

galleries, there can be little or no doubt that Kent’s Hole would have been 
pronounced to be utterly destitute of any evidence on the question of Human 
Antiquity, and but poorly furnished with the remains of extinct Mammalia. 
The work would probably have been closed without going further, to the 
great loss of Anthropology and Palaeontology, as well as of popular education 
in these important branches of science. 


Report of the Committee, consisting of Prof. Sylvester, Prof. 
Cayley, Prof. Hirst, Rev. Prof. Bartholomew Price, Prof. H. J. 
S. Smith, Dr. Spottiswoode, Mr. R. B. Hayward, Dr. Salmon, 
Rev. Prof. R. Townsend, Prof. Fuller, Prof, Kelland, Mr. J. M. 
Wilson, Prof. Henrici, Mr. J.W. L.Glaisher, and Prof. Clifford, 
appointed for the purpose of considering the possibility of Improving 
the Methods of Instruction in Elementary Geometry, and reappointed 
to consider the Syllabus drawn up by the Association for the Im- 
provement of Geometrical Teaching, and to report thereon . Drawn 
up by Mr. Hayward. 

In a previous Report (Report for 1873, p. 459) the Committee recognized the 
fact that the main practical difficulty in effecting an improvement in the 
existing methods of teaching elementary geometry is that of reconciling the 
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claims of tlie teacher to greater freedom with the necessity of one fixed and 
definite standard for examination purposes. They also expressed their con- 
viction that “ no text-hook that has yet been produced is fit to succeed Euclid 
in the position of authority ; ” and that in the absence of such a text-book, 
whether the existence of a standard authority in the future such as Euclid 
has been in the past be regarded as desirable or not, it is important to secure 
“ the requisite degree of uniformity and no more by the publication of an 
authorized Syllabus ” of propositions in a definite sequence, which should be 
regarded as a standard sequence for examination purposes, and subject , to 
which alone any amount of variety in demonstration and general treatment 
of the subject should be admissible. 

As it was understood that the Association for the Improvement of Geo- 
metrical Teaching was engaged in the task of drawing up such a Syllabus, no 
further action was taken by the Committee until the present year, when, the 
Syllabus having been completed and published, they havo proceeded to con- 
sider the same in accordance with the instructions contained in the resolution 
rc;i!.;">ii !’■.:■ Oommitteo. 

I in ( "i. I'l.n-e have not considered it to be their duty to examine the 
Syllabus in minute detail, but rather to report on its general character and 
its fitness as a basis for an authorized standard sequence of propositions. 

The Committee have no hesitation in stating at the outset, as the result of 
their consideration of the Syllabus as a whole, that it appears to have been 
drawn up with such care, and with such regard to the essential conditions of 
the problem, as to render it highly desirable that it should be considered in 
detail by authorized representatives of the Universities and the other great 
examining bodies of the United Kingdom with a view to its adoption, subject 
to any modifications which such detailed consideration may show to be 
necessary, as the standard for examinations in Elementary Geometry. 

It may bo well to observe that the adoption of this or some such standard 
Syllabus would not necessitate the abandonment of tho ‘Elements of Euclid * 
as a text-book by such toackers as still preferred it to any other, as it would 
at the utmost involve only such supplementary teaching as is contained in 
the notes appended to many of the editions of Euclid now in use ; while it 
would greatly relieve that large and increasing body of teachers, who demand 
greater freedom in the treatment of geometry than under existing conditions 
they can venture to adopt. 

Having thus expressed their opinion of the general merits of the Syllabus 
as a whole, the Committee have only further to add a few remarks on its 
more important features, which may serve to call attention to those points in 
which it differs from Euclid, and which give it a claim on the consideration 
of all who are interested in the improvement of instruction in Geometry. 

1, Geometrical Constructions. 

It has been found, in the experience of many who have taught Geometry to 
young beginners, that the attainment of a firm grasp of its fundamental con- 
ceptions and methods is much facilitated by a series of exercises in con- 
structions made with the ruler and compasses, such exercises being given 
either as preliminary to, or simultaneously with, the study of the earlier parts 
of Theoretical Geometry. A judicious selection of such exercises is prefixed 
to the Syllabus ; and the Committee remark with approval that here, as well 
as in the Postulates of Book I., the use of the compasses for direct transference 
of distances is formally admitted. 
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2. Logical Introduction . 

The Syllabus is further prefaced with an introduction, in which are collected 
together and formulated the most important logical relations of the several 
propositions logically associated with a given proposition, namely its converse , its 
obverse (sometimes called its opposite ), and its contrapositive. It is distinctly 
stated, in a note prefixed to this introduction, that it is not intended that a 
study of the abstract logical relations contained in it should precede the study 
of Geometry, but that the introduction should be referred to from time to 
time as instances of the applications of its principles arise, until the student 
obtains such a grasp of the principles and rules as to be able to apply them 
without difficulty. With this understanding the Committee regard the pro- 
posed logical introduction as a valuable feature of the Syllabus. 

3. Separation of Theorems and Problems — Loci . 

Throughout the Syllabus, the Problems, instead of being interspersed among 
the Theorems, are collected together in separate sections at the end of each 
Book. This may be regarded as equivalent to the assertion of the principle 
that, while Problems arc from their very nature dependent for the form, and 
even the possibility, of their solution on the arbitrary limitation of the instru- 
ments allowed to be used, Theorems being truths involving no arbitrary 
element ought to be exhibited in a form and sequence independents such 
limitations. In other words, constructions may be rightly assumed in the 
demonstrations of theorems, whether or not they have been shown previously 
to be capable of being effected by ruler and compasses, provided only they 
can be seen from the nature of the case, or be proved, to be possible. For 
instance, the existence of the third part of an angle being regarded as 
axiomatic, the impossibility of trisecting an angle with ruler and compasses 
only ought to form no obstacle to the proof of a theorem for which the trisec- 
tion of an angle is required. It should be remembered that the acceptance 
of the principle here asserted by no means necessitates in teaching that separa- 
tion of Theorems from Problems which seems desirablo in a syllabus. It is 
probable that most teachers would prefer to introduce problems, not as a 
separate section of geometry, but rather in connexion with the theorems with 
which they are essentially related. The Syllabus in this respect leaves com- 
plete freedom to the teacher. 

The early introduction of the notion of a Locus and its use in the solution 
of problems by the intersection of Loci the Committee regard with favour ; and 
they observe with satisfaction that the Syllabus rightly insists on the demon- 
stration of two theorems (a thoorem, and either its converse or its obverse) as 
necessary for the complete establishment of a locus, a point which is too often 
neglected in the investigation of loci. 

4. Book I. The Straight Line . 

The Definitions are substantially those of Euclid. An attempt to give a 
real definition of a straight line (Euclid's is only verbal) is to be commended, 
though the wording is difficult, and would for a beginner require detailed 
and familiar explanation. 

The definition of an angle is another of the elementary difficulties of Geo- 
metry. The Syllabus in a note asserts that " an angle is a simple concept in- 
capable of definition , properly so called,” bat enters into a somewhat detailed 
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explanation in which the notion of rotation is freely but judiciously used. The 
Syllabus does not (like Euclid) limit the notion of an angle to one less than 
two jight angles, but it does not explicitly recognize an angle greater than 
four right angles. Possibly, considering the difficulties of expression which 
the complete notion of an angle of unlimited magnitude involves, this limita- 
tion at the outset is wise. The Committee note with approval the use of the 
term conjugate for the two angles which, being contained by the same pair of 
lines drawn from a point, together make up four right angles. 

They also approve the introduction of the term “ identically equal ” for 
figures which, differing only in respect of position, can be made to coincide 
with one another, while the term “equal” is reserved for such as are equal 
in area, but not necessarily in other respects. 

The Syllabus divides the Axioms (as, indeed, Euclid did) into General 
Axioms (Euclid’s Kotrai errotcu), which find their fitting place in the Logical 
Introduction, and specially Geometrical Axioms (Euclid’s cur//para), which 
are nearly those of Euclid — that about the equality of right angles being 
omitted, while that asserting that “two straight lines cannot enclose a spaco ,, 
is extended so as to assert coincidence beyond as well as between the two 
points which coincide. 

The Postulates are those of Euclid’s 1 Elements,’ with a modification in the 
third postulate, which admits of the direct transference of distances by the 
compasses, as before remarked. 

The Theorems of Book I. are mainly those of Euclid I. 1-34, rearranged. 
The guiding principle of the rearrangement appears to have been the nearness 
or remoteness of the theorems from the possibility of proof by the direct appli- 
cation of the fundamental principle of superposition, the free use of this 
principle being indicated as desirable in many cases where Euclid prefers to 
keep it out of sight. 

The discussion of the cases of identical equality of two triangles is rendered 
complete by the introduction of a theorem asserting the true conclusion from 
the equality of two sides and a non-included angle in each, namely, that the 
other non-included angles are either equal or supplementary, and that in the 
former case only are the triangles identically equal. 

For the treatment of Parallels, Playfair’s Axiom that “Two straight lines 
that intersect one another cannot both be parallel to the same straight line,” 
has been substituted for Euclid’s twelfth Axiom, and, in the opinion of the 
Committee, judiciously. It may, in fact, be regarded as merely an improved 
form of that axiom. 


5. Book II. Areas. 

This book contains in thirteen Theorems the various theorems contained in 
Euclid between I. 35 and the end of Book II. Beyond noting the fact that it 
brings together more completely than in Euclid those theorems which are 
naturally related to one another, no comment is necessary which is not of the 
nature of that detailed criticism which the Committee do not think it their 
duty to offer. 


6. Book III. The Circle . 

In this Book the sequence of Theorems differs materially from that of 
Euclid, those propositions being placed first which are fundamental in the 
sense that they follow directly from superposition. Other criticisms which 
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might be offered on this part of the Syllabus are chiefly on points of detail on 
which the Committee think it unnecessary here to enter. 

They would remark, however, with respect to the two modes of treatment 
of tangents in the Syllabus, that they would not recommend the second 
(depending on the notion of limits) in any case as a substitute for the first, 
however desirable it may be that it should be freely used by way of illustra- 
tion and as leading up to the methods of Higher Geometry. 

' 7. Books IY and Y. Ratio and Proportion, and their application to Geometry 

A theory of Proportion which shall be at once perfectly rigorous and com- 
plete is necessarily difficult. The Committee recognize with satisfaction that 
the Syllabus does not attempt to attain simplicity by any sacrifice of rigour, 
nor in Book IY. by any sacrifice of completeness. In Book IY. the theory is 
essentially that of Euclid in his famous, though (at the present day) little 
studied, Fifth Book: it is suggested, however, by an unusually full indication 
in this part of the Syllabus of the forms of demonstration recommended, that 
his theory may be presented in a form more easy to be grasped and applied 
by the adoption of the late Prof, de Morgan’s notation, in which magnitudes 
are denoted by capital letters, instead of by straight lines, and their multiples 
by prefixing to the capitals small letters denoting integral numbers, instead 
of denoting them by longer lines. Opinions will probably differ as to the 
wisdom of retaining Euclid’s treatment in any shape*; but the Committee 
doubt whether any rival theory, which is equally rigorous and equally com- 
plete, would be more generally accepted. 

It may, however, be thought that this complete theory is one which the 
ordinary student can hardly be expected to master at an early stage of his 
mathematical studies, even though he maybe well prepared for the study of the 
geometrical applications of the theory of Proportion. At the same time it is 
undesirable that the study of, Similarity of Figures &c. should be commenced 
without some definite groundwork of demonstrated properties of ltatios and 
Proportions. The Syllabus suggests a mode of meeting this difficulty by pre- 
fixing to Book Y. an indication of a method of treatment of the general 
doctrine of proportion, in which greater simplicity is obtained, not by the 
sacrifice of rigour, but by a certain sacrifice of completeness, in limiting the 
magnitudes considered to such as are commensurable . 

The notion of Patio may be regarded as an extension and generalization of 
the notion of (/nanfuplicify, the simplest expression of which is contained in 
the question, “How many times does a magnitude A contain another magni- 
tude B ? ” This question may be generalized so as to apply to any pair of 
commensurable magnitudes in two ways — the question taking the shape either 
“ How many times does A contain some aliquot part of B? ” or else “ What 
multiples of A and B are equal to one another? ” The former leads to a 
treatment of proportion such as is usually given with more or less exactness 
in treatises on Arithmetic or Algebra, while the latter leads to a treatment 
similar in principle to Euclid’s, but simplified by its limitation to commensu- 
rables. The Syllabus indicates a few of the more important general properties 
of proportion which ought to be proved by one or other of these methods, but 
leaves it open to the teacher to adopt whichever mode of treatment he may 
prefer. 

In the Geometrical Applications of Proportion the Syllabus groups together 

* Prof, Cayley is strongly of opinion that it ’ought to be retained, 
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all the theorems which directly depend on the definition of proportion, indi- 
cating that the demonstrations are to be adapted to tin complete or to the 
partial theory according as the one or other has been Miidierl. After these 
follow the psual standard theorems on Similar Figures, &c., on which it is un- 
necessary for the Committee to offer any comment. 

The Association for the Improvement of Geometrical Teaching has not yet 
published any Syllabus of Solid Geometry. Should the present Syllabus of 
Plane Geometry be successful in leading to the establishment of a standard 
sequence of propositions in that subject, it is to be hoped that the Association 
will continue its labours in the field of Solid Geometry, where the Committee 
believe they are equally needed. 


Results of a Comparison of the British- Association Units of Electrical 
Resistance. By G. Chrystal and S. A. Saunder*. 

[A communication ordered by the General Committee to bo printed in extenso 
among the Reports.] 

Difficulties encountered . — The difficulties of the kind of measurement we 
had to make are confined almost entirely to the tomperature determinations. 
Were it not for these a much higher degree of accuracy could be attained; 
for while resistances comparable with the B.A. unit can be measured with- 
out difficulty to the 100,000th part, it is very difficult to determine the tempe- 
rature of a wire imbedded in paraffin, as are the wires of the standards, 
nearer than the one tenth of a degree Centigrade, an error to which extent 
entails in some of the coils an error of -03 per cent, of resistance. 

- A mere comparison of the coils at the temperatures given on page 483 of 
the B.A. lteport on Electiical Standards (1867 )+ would hardly have been satis- 
factory, since it would have given no check on the accuracy of the observa- 
tions and afforded no information as to the temperature value of a variation 
in resistance, and conversely. 

Object aimed at . — The object aimed at in the experiments was to get the 
differences between tho resistances of the several coils at some standard 
temperature, and also the coefficients of variation of resistance with tempe- 
rature in the neighbourhood of the standard temperature. 

That it is inadmissible to apply to any given coil the variation- coefficient 
for its supposed material, as found by Matthiessen and others from experi- 
ments on naked wires, is abundantly evident. This appears very strikingly 
in the case of coils Nos. 2 and 3 (A and B in our subsequent numbering) ; and 
an examination of tho results of Lenz, Arndtsen, Siemens, and others for 
platinum shows that within certain limits its behaviour ,is very uncertain. 
This arises no doubt from the presence of more or less iridium or other 
platinoids, a small admixture of which, without altering the value of platinum 
commercially, affects its electric resistance very considerably. 

* In the spring of last year a series of experiments was made by one of the authors 
(G. Chrystal) with a view of comparing the different resistance-coils of the set of British- 
Association units formerly deposited at Kew Observatory and now in the Cavendish 
Laboratory at Cambridge. In the month of October a final set of experiments was made, 
which was the work of both of us, sometimes working together and sometimes separately. 

t Or Reprint, p. 146. 
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Preliminary experiments . — The preliminary experiments gave the differ- 
ences between the coils and the variation-coefficients approximately. 

The results appeared in some oases different from former measurements, 
so that it was thought better not to rely on these, hut to make a more careful 
set of experiments on which to found the final comparison. 

Approximate coefficient of “ Flat Coil” and Middle Coils . — The variation- 
coefficient of the ■* Flat. Coil ” Was taken from the preliminary experiments. 
This was given by a fairly good series of experiments ; and a first approxi- 
mation was considered sufficient, since the coil during the final experiments 
never varied in temperature more than two degrees, being always bathed in 
the tap-water. A similar remark applies to the middle coils. The coils used 
for middle coils were 29 and 43 (F and G) when neither of these was being 
measured, in which case 2 and 3 (A and B) were used. The coefficients of 
these coils, so far as required for small temperature-corrections, were taken 
from the preliminary experiments. 

Method of experimenting . — The method used in the final experiments was 
as follows : — 

First. All the coils (the flat coil, the two middle coils, and the coil to be 
compared with the flat coil) were bathed in a stream of tap-water, the tem- 
perature of which was carefully taken by means of a Casella’s thermometer 
(lent us by Mr. Gordon), reading to tenths of a degree Centigrade and easily 
estimable to hundredths. After the temperature of the stream had been con- 
stant for twenty minutes or so, the difference between the coil to be compared 
and the flat coil was found. 

Secondly. Another series of experiments was made in which the flat coil 
and the middle coils were kept at the temperature of the tap as before ; but 
the remaining coil was raised by careful nursing, which lasted two hours or 
more, to tho temperature (or to one of the temperatures) at which, ac- 
cording to the B.A. Report, it is correct. 

Lastly . The coils were compared with each other at the standard tempera- 
tures, the middle coils being kept at the temperature of the tap-water. 

Variation-coefficients , how found. — The first two sets were used to give tho 
variation-coefficients, being peculiarly fitted to do so, because in them the 
temperature of the flat coil did not alter much in comparison with the altera- 
tion in the coil compared with it. 

Differences between the coils , how found. — Then using the low-temperature 
experiments the differences of resistance between the respective coils and the 
flat coil (all at 1 0° C.) were found. 

Control experiments , how used . — From this, of course, the difference 
between any two coils at any temperatures could be calculated. This was 
done for the old standard temperatures, and the results compared with the 
results of direct experiment obtained from our third set of experiments. 
This gave a test of the accuracy of our work ; and it is on this mainly that 
we rely in claiming to have stated the temperatures at which the coils are 
equal within 0°*1 C. in all cases. 

Degree of accuracy . — The degree of accuracy of resistance varies, of course, 
for the different coils. For the platinum units 0 o, l C. correspouds to a 
variation of *03 per cent, resistance, for the platinum-silver to about *002 
per cent. 

In the B.A. Report, 1865 (p. 303)*, all the coils are stated to be accurate at 
the temperatures indicated within *01 per cent. This corresponds to about 
one thirtieth of a degree Centigrade for the platinum units. It is not stated 

* Reprint, p. 137 
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how this degree of accuracy was attained. Borne such statement was per- 
haps necessary, considering the difficulty of controlling the temperature of an 
inaccessible wire, even within 1° Centigrade. 

Arrangement Sfc. of apparatus . — The instruments used in these experiments 
for resistance measurements were the Wheatstone's bridge and Thomsons gal- 
vanometer belonging to the Association. The arrangements in the low-tempe- 
rature experiments were as in the annexed figure. At one oorner of a large 



table is the bridge A B (see B.A. Report, 1864, p. 353*) ; by means of mercury- 
cups at D and G, are inserted the flat coil and the coil being compared with it ; 
at E and F are similarly inserted the middle coils, which were always two of 
the units, as small and as nearly equal in temperature-variation as possible. 
X, Y, Z are three earthenware jars in which the coils are placed ; these stand in 
a trough, Y W, provided with a waste-pipe going to the sink. The jars were 
kept constantly overflowing by means of a feed-pipe fitted with an offset for 
each. The temperature in all three jars was carefully observed, and it was 
found that after the tap had been turned on for fifteen minutes or so the 
temperature in all three in general became constant, and remained so within 
a tenth of a degree for a long time. Now and then irregularities occurred, 
which caused the rejection of the results concerned. Thin wires go from E 
and from the contact-block C to the galvanomeic r at the other end of the 
table. The last adjustments of the balance were made by observing the 
spot on the - galvanometer-scale with the telescope from where the ob- 
server sits. The battery-circuit terminates at H and J, and is made and 
broken by means of a treadle worked by the observer’s foot. A small 
Leclanche’s cell was found sufficient to indicate a deviation from balance 
of a tenth of a millimetre on the bridge-scale. Since the contact of the 
block-piece could not be relied on within less than this, no higher battery- 
power was ever used. 

Thermoelectric -disturbances . — To avoid thermoelectric currents, owing to 
the junction of copper with brass at the block, the button of the block-piece 
was never touched by the fingers, but always by means of two pieces of 
wood, which were exchanged now and again to prevent heating. It was 

* * Reprint, p. 119. 
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found impossible to avoid this disturbance altogether ; and accordingly the 
following mode of procedure was adopted : — 

Direct magnetic disturbances. — We first carefully investigated whether 
there was any direct magnetic effect on the galvanometer owing to the 
-currents in the apparatus ; this was done by simply short-circuiting the 
galvanometer. No such effect could be detected. Being assured of this, we 
always operated as follows : — Threw in the galvanometer by pressing down the 
button, then allowed the needle to come to rest with the small permanent 
deflection due to the thermoelectric current. If now, on pressing down tho 
treadle for an instant, there was no motion of the spot, we concluded that 
there was a balance. It is to be noticed that since we are near balance 
the battery-circuit is conjugate to the :• or dr v\ and that, there- 
fore, making or breaking the battery-circuit does not alter the effective resis- 
tance opposed to any electromotive force, thermoelectric or other, in the 
galvanometer-circuit. (Of this we also assured ourselves by direct experi- 
ment.) Another advantage of this method is that it ensures the least 
possible use of the battery, and thus avoids disturbances from heating. 
During our final experiments both of us had acquired by considerable prac- 
tice an acquaintance with the indications of the galvanometer, which enabled 
us to adjust the balance quickly, and thus secure in greater measure the 
advantage above mentioned. 

Self- and mutual induction. — It is also worth remarking that from the 
way the B.A. unit coils are wound, and from the general arrangement of 
the apparatus, neither self- nor mutual induction could have any sensible 
disturbing effects in our experiments *. 

Method of using bridge for finding rorj %'*•• f?V f variation fyc. — In finding the 
variation-coefficients of the coils the bridge arrangement was used in the way 
described in the Deport on Electrical Standards, 1864 (p. 353, &c.) ; but in 
finding the difference between the resistances of two coils, the method de- 
scribed by Prof. Foster (in the Journal of the Society of Telegraph Engineers, 
October 1874) was used. In this method the bridge is first read with the 
normal coil and the coil to be compared with it in one position, and then 
the coils are interchanged ; the difference of the bridge- readings gives tjie 
required difference of resistance in units of the bridge. 

Bridge-units. — The unit in which we shall state our results further on is 
the resistance of a tenth of a millimetre of the bridge-wire, which is a metre 
long and has a resistance of about *075 ohm. 

Calibration of bridge and thermometer. — The wire was carefully calibrated, 
but no errors were found large enough to affect our results. 

The thermometer used was also compared with a standard thermometer 
belonging to the laboratory, and the corrected temperatures are in every 
case given. The degree of accuracy attained in this last comparison was pro- 
bably about *05 Centigrade. 

Description of cods in the case. — In the case containing the coils there 
are altogether fourteen coils. Five of these are multiples of the unit, viz. 
2, 3, 6, 8, and 10, and have brass labels on them ; but the inscriptions have 
never been completed by filling in the last two figures of the temperature at 
which they are equal to the standard. We have not been able to get any 
description of these whatever, and have therefore not measured them. 
Besides these there accompany the box two coils marked A and B, which 
are not units, and a fiat coil described as a normal coil', besides a set of 

# Another precaution of leas importance was to cover the platinum*iridium wire bf the 
bridge with pieces of wood to screen it from dust and radiation from the body of the 
observer. 
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tubes for mercury units. The flat coil we used and found very convenient, 

- both from its shape and on account of its small variation-coefficient) 
which was only 34 per deg. Cent, in the above-mentioned units. 

The case contains altogether nine unit coils, viz. : — 


2PtIr Nos. 2 and 3. 

2 Au Ag „ 57 and 58. 

2 Pt „ 35 and 36. 

3 Pt Ag „ 6, 43, and 29. 


Of the first six, all except 57, which we have not moasured, are mentioned at 
p. 146 of the Iteports, but none of them have proper labels. All, however, 
were marked in some way or other so as to be identifiable. Of the last three 
all have labels, which are complete in 6 and 43. Nos. G and 29 do not 
appear in the Iteports. The temperature on 43, which does appear, agrees 
with that given on p. 14G. We used 29 as a companion middle coil to 43, 
because its variation-coefficient was small and nearly equal to that of 43 ; 
but otherwise we have not bestowed much care on it. 

Coils measured . — The coils which we have measured are, therefore, 2, 3, 
58, 35, 3G, 29, 43. These we call for convenience A, B, C, D, E, F, G. 
The normal coil is the fiat coil at 10° Centigrade. This temperaturo is 
chosen because it was the lower limit of the temperature of the tap- water, 
which varied on different days from 10° to 12°, though it was very constant 
during a good part of any one day. As far as our experience went, the use 
of a stream of tap-water was the best as woll as most convenient way of 
reducing the coils to a known temperature *. 

Results of comparison : the first statement . — The following Table exhibits our 
results in the way which lies nearest the method by which they were ob- 
tained : — 


K stands for resistance of flat coil at 10° C. 

X „ ,, of the respective coils A, B, &c. at 10° C. 

X „ variation-coefficients. 


Coil. 

X. 

No. of results 
ofwhichmean. 

Greatest devi- 
ation from 
main. 

R-X. 

No. of results 
ofwhichmean. 

Greatest devi- 
ation from 
mean. 

Flat coil. 

34 



... 



A 

197 

5 

4 

867 

5 

19 

B 

200 

3 

2 

811 

3 

• 3 

C 

95 v 

6 

(i 

159 

2 

2 

D 

401 

10 

5 

2071 

5 

24 

E 

393 

3 

4 

1954 

3 

8 

F 

1 28 

1 


-82 

1 


G 

35 

4 

: 

2 

-57 

2 

! 

0 


Second statement . — The above is the most convenient form of representing 
our results; but for the 'sake of comparison we give also the following ( Y 
now stands for the resistance of the coils A, B, C, &c., at the temperatures, 
or at some one of them, given at p. 483, B.A. Report, 1867 1) : — 

* One of us, in endeavouring to find the conductivity of paraffin, has sinoe found that 
the temperature of a wire imbedded in a much greater thickness of paraffin than there is 
in the B.A. coils, reaches the temperature of the tap-water in considerably less than an 
hour, the paraffin-jacket having been at a temperature of about 30° throughout to start 
with, t Reprint^ p. 146. 

1876, 


c 
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Coil. 

Temp, in Report. 

R-Y. 

A 

o 

16*0 

—315 

B 

15 8 

-349 

C 

15*3 

-344 

D 

15*7 

-215 

E 

15*7 

-286 

F 



G 

15*2 

-239 


It will thus be seen that B and C are practically equal at the temperatures 
given, while A does not differ very much from these. D and E are not very 
different inter se , but differ somewhat from tho first three; while G, con- 
sidering its small coefficient, is considerably out. 

Statement of standard temperatures . — If wo consider B and C to be right 
at the temperatures given above and reduce the others so as to be equal 
to them, we should get the following Table of standard temperatures: — 


Coil. 

Standard temp. 

A 

o 

16*1 

B 

15 8 

C 

15 3 

D 

16 0 

E 

15 8 

F 

19 4 

G 

18*2 


Results of control experiments . — In the next place we give the results of 
our control experiments, in which the several coils were nursed to tempeia- 
tures very near those given in the Beport, and then compared with each 
other. The small deviations from the temperatures in the Beport arise from 
theimometer corrections. The differences thus found are given side by side 
with those calculated from the data given above ; the differences are given 
in the next column, and in tho last the greatest possible difference, owing to 
an error of 0°*1 C. in temperature determination. 


Coils. 

Temp. 


Calculated. 

Observed. 

Difference. 

Maximum 

Difference. 

A 

15 89 

B-A 

34 

20 

+ 14 

40 

B 

15*69 

C-A 

42 

19 

+23 

29 

C 

15*20 

B-C 

-8 

4-2 

-10 

29 

D 

15*59 

C-D 

163 

180 

— 17 

49 

E 

15*49 

C-E 

132 

119 

+ 13 

48 

F 

13*45 

E-D 

31 

70 

-39 

79 

G 

15*11 

C-G 

100 

102 

- 2 

13 



G-D 

63 

43 

+20 

44 



C-G 

ICO 

103 

- 3 

13 



C-F 

156 

150 

+ 6 

12 



G-F 

56 

50 

+ 6 

6 , 


It appears, therefore, that the differences between the observed and calcu- 
lated values are always less than what would arise in the most unfavourable 
case, owing to an error of 0°*1 C. in the temperature determinations. 
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Bough comparison of coefficients with Matthiessen's. — It is perhaps worth 
while to give the following rough comparison between the results for the 
variation-coefficients which we have obtained in the neighbourhood of 10° C. 
with the mean results of Hatthiessen. 



Per cent 
per ] 

increase 
° C. 

Matth. 

Ptlr 

150 

•039 

Au Ag 

071 

•005, 

Pt 

•300 

•295 

Pt Ag 

: -oil i 

1 -020 * 

•031 


There is no striking difference except in the caoo of Pt Ir, whero the 
alloy of which the coil is made must approach much nearer a puio metal 
than Matthiessen’s alloy (33*4 per cent, iridium) did. 

[Y,< pa •■•/ in Coil G ivith former measurements. — The only other point to 
which wo have to call attention is the discrepancy between former and 
present measurements in the coil G, whose resistance seems to have gone 
down since it was last tested. 

In conclusion we venture to suggest two alterations in the construction of 
standard coils, which, as far as our expeiience goes, would be improvements. 

First , to make them flat instead of cylindrical. This would facilitate 
stirring when the coils are immersed in any liquid. 

Secondly , to insert as near the wire as possible a properly insulated junction 
of a thermoelectric couple, the other junction of which should be fastened on 
the outer case of the coil. Soveral of these fitted to each coil would do away 
with a great deal of the trouble and uncertainty attending the temperature 
determinations required in comparing and copying standards. 


Third Report of a Committee , consisting of Prof. A. S. Herschel, 
B.A., F.R.A.S . , and GL A. Lebour, F.G.S., on Experiments to 
determine the Thermal Conductivities of certain Rocks } showing 
especially the Geological Aspects of the Investigation • 

The object originally proposed by the Committee was to arrange and classify 
the most commonly occurring rocks experimentally according to their powers 
of conducting heat ; and it has hitherto been so far successfully attained that 
the thermal conductivities of an extensive series of ordinarily occurring rocks 
have been shown to differ from each other on a very strongly marked scale of 
gradation, which it was endeavoured to represent graphically in the Com- 
mittee’s last Report by a series of ascending steps of absolute thermal resist- 
ance, or resistance to the passage of heat offered by the different rocks. To 
every 200 units of this ascending scale a new letter of the alphabet, starting 
with A for the interval 0-200 of absolute resistance, was assigned ; the values 
of the resistances were shown graphically, and the various rocks that arrange 
themselves under the several classes so formed could be readily discerned. 
By adopting this graphical mode of representation tho values of certain 
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thermal resistances observed during the past year and communicated in this 
Report may be exhibited with equal dearness, and an easy comparison may 
by this means be made of the values found in this and last year’s series of 
experiments where the same rock-specimens, or specimens of very closely 
allied kinds of rock, were submitted in the former and in this year’s series 
to examination. A slight change, however, is here introduced in briefly 
describing the results obtained numerically, by employing, instead of the sig- 
nificant figures of those results (as was done m tlio last Report), the tenth 
part of them as a brief expression for the absolute thermal conductivity. 
Thus the absolute thermal conductivity of galena in the present list being 
0*00705 in centimctre-gramme-second units, hitherto described for brevity by 
its significant figures 705, will be spoken of in this Report as 70*5, to which 
the meaning may conveniently be attachod that 70*5 gramme -degree units of 
heat per second pass through a plate of galena one centimetre thick, having 
an area of one square metre , for a temperature- difference of one degree be- 
tween its faces. 

The method of investigation without tho use of a thermopile has hitherto 
proved unsuccessful, no soft material capable of effecting a close junction 
with the rocks having yet been found of sufficiently constant resistance to 
afford a useful standard of comparison with them when the rocks are intro- 
duced between its layers ; but the progress of the investigation has shown 
that a simplo water-film (if it could be preserved from drying off with porous 
rocks) effects a complete junction between them and any impervious surface, 
as that of caoutchouc, against which they are pressed. A similar film of oil, 
it appears from some experiments recorded in the present list, is less effective 
for the purpose; and to ensure a constant water-film in which the thin wires 
of the thermopile could bo placed, pieces of well-soaked bladder kept soft in 
water rendered antiseptic with carbolic acid were laid on the india-rubber 
faces of the boiler and cooler, so as to press the thermopile-wires against the 
rock with a constantly moist and uniformly wet surface. The duration of an 
experiment and the temperature to which they wore exposed (usually be- 
tween ]00° and 120° F.) were never so great as to cause the bladders to 
approach dryness before the termination of the experiment. The proportion 
of moisture absorbed by the rocks (when sensibly porous) was ascertained, 
and it was always such a small fraction of that imbibed by the same rocks 
thoroughly soaked in vacuo that it probably exercised a scarcely sensible 
influence on the results. Its amount, and that of the full quantity of water 
absorbable by the porous rocks tested, is stated in the list ; and from the 
corresponding alteration of the observod conductivity some idea of the pro- 
bable correction necessary to be applied for the presence of moisture in sumo 
of the porous rocks during the process of the experiment may be obtained. 

The two chief defects of tbe thermopiles used hitherto had been their 
thickness (making them intrude too far from the rock-surfacc into the badly 
conducting strata with which it is in contact), and the false thermoelectric 
currents proceeding from irregularities of material and internal condition of 
the wires subjected to great varieties of temperature along their length. To 
diminish the former source of error, wires less than half a millimetre (0*40 
millim., or ^ inch) in ^diameter were used and neatly soldered at the 
junctions ; and to counteract as far as possible the remaining evil, they were 
chosen of the most dissimilar metals (iron and German silver), and twelve 
junctions above and twelve below the rock-plate formed a continuous circuit 
giving a very strong thermoelectric current. The whole resistance of the 
.circuit (including the 20 ohms usually added to bring its indications con- 
veniently within the scale of a Thomson’s reflecting galvanometer) was 40 
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ohms when the wires were coupled for observing a difference of temperature ; 
and it was assumed that, with this resistance and with the probable tendency 
of twelve wires similarly circumstanced to neutralize each other's false effects, 
no sensible errors from local disturbances would arise. The instrument was 
submitted to some careful tests, with a result that, at the highest temperatures 
of the experiments, errors in the temperature-difference amounting to about 
1° F. may have been committed. At the ordinary temperatures of the wires 
between 100° and 120° E. it was found, by Mjlr-tituting a heated iron disk 
(coated on the faces with thin paper) in the place of a rock-plate, so as to 
heat both sets of wires equally, that the only permanent deviations produced 
as the plate sunk very slowly in temperature also sunk gradually with it from 
an equivalent value of about to about |° upon the scale. As the correct- 
ness of the small temperature-differences (of 6° and upwards) lying usually 
between the above two temperatures w r as thus fairly checked, and for exception- 
ally higher differences and temperatures the conditions could not easily be more 
exactly assimilated to those of the actual experiments so as to control and 
estimate them, the effects of these small errors have not been further regarded 
in the calculations ; but in order to avoid changes of value in the divisions of 
the scale, and to enable the actual temperature of each set of wire -junctions 
to bo directly observed, an arrangement of the thermopile was made by which 
each set of junctions could be separately combined with a similar set in con- 
tinuous circuit with the galvanometer placed in a small rectangular water- 
bath. The latter is made of tin, and, as well as its lid, is well jacketed with 
cork, and provided with an agitator ; so that by adding hot or cold water, 
which can be withdrawn below, any temperature of the water in the bath 
can be obtained. A simple commutator enables the circuit with the galvano- 
meter to be closed, either through the two principal sets of junctions or 
through one of them and through a set corresponding to it in the bath ; so 
that by changing tbo temperature of the latter until no current passes through 
the circuit the actual temperature of each rock-facc could be observed. This 
mode of observation is free from all objections, excepting those of false 
currents arising in long wires and plates of the same metal maintained at 
very various temperatures ; but with the exception of the twelve loops of 
German-silver wire projecting on one side from the rock-plate, the corre- 
sponding loops on the other side, and all the rest of the circuits made to the 
galvanometer, were formed from the same piece of iron wire freshly annealed. 
The comb-like teeth of the commutator are iiieces of narrow lioop-iron about 
3 inches long, closely set together in wood, and also thoroughly annealed, to 
which the proper terminals of iron wire are soldered at their feet, while the 
upper ends are filed to chisel-edges ; and a small hand-rack of iron wedges set 
on wood at proper distances apart, thrust between them in different positions, 
completes the connexion in the three different orders that are required. The 
additional branch wires used in the arrangement are few, and, as will be seen 
from the following description, add very little to the total lengths of iron 
wire which conduct the currents. The twelve-turn coil of wire in which the 
rock is pressed consists of twelve half -turns or loops of German silver and 
the same number of iron loops. The twelfth loop of German silver (see 
figure, p. 22) completes the circuit or connexion from the beginning to the 
end of the coil through the medium of tho galvanometer. There are 
thus twelve junctions of dissimilar metals above, and twelve below the rock- 
plate in a closed circuit with the galvanometer. To produce a new Bet of 
twelve junctions corresponding to each of these, the loops of German-silver* 
wire are all cut through in the middle, and the free ends soldered to twenty-* 
four short pieces of iron wire, the junctions being laid side by side across a» 
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narrow water-tight trough formed of throe or four rectangular washers of 
caoutchouc laid on a sheet-caoutchouc floor, upon which the sides of the rectan- 
gular tin bath, open at the top and bottom, are pressed down. The tin bath is 
5 inches long (the same as the width of the rock-sections), nearly the same 
height, and 2 inches wide ; and it is provided with a false bottom, through 
the perforations of which the water reaches the wires, and is kept agitated 
above by a thermometer passing through a longitudinal slit in the lid and 
attached to a small tin blade, without injuring them. The twenty-four 
extremities of iron wire projecting 1 or 2 inches beyond the bottom of the 
hath are there soldered to the feet of twenty-four teeth of the commutator, 
and the twelve iron wedges of the hand-rack being inserted between the 
points of these teeth, completes the circuit connexion in the ordinary way for 
observing a difference of temperature between the two principal sets of 
junctions of the thermopile. As a proof of the trustworthy action of tho 
instrument, it may be mentioned that when, in the course of an experiment, 
the reading of the galvanometer with the thermopile thus joined up was 
being noted, and water of various temperatures from 60° P. to 1 60° P. was 
poured into the bath where the twenty-four supplementary junctions are 
placed and are all included in the circuit, not the smallest effect was pro- 
duced upon the reading as soon as the water in the bath had by gentle 
agitation become uniform throughout in temperature. Not only are* the two 
opposing sets of twelve junctions heated in the bath on the average all of 
exactly equal force, so as to balance each other, but the false currents, which 
in such ranges of temperature must be evoked with sensible intensity if any 
of them should prevail, either neutralize each other exactly or are entirely 
absent, as it appears equally probable to conjecture, in this portion of the 
apparatus. As regards formation of the circuit through one of ihe principal 
sets of junctions only, accompanied by a < one-ponding set of junctions in tho 
bath, this is accomplished as is represented in the annexed outline sketch, 
where two pairs of junctions only 
(a b, a' ?/), above and below the rock- 
plate, are shown, thin lines represent- 
ing iron and thick lines Germ an -silver 
wire. B is the bath in which the 
supplementary junctions, s'sss', ob- 
tained by severing the loops of German- 
silver wire, as at ss , are immersed. 

The two extreme half-loops and cor- 
responding teeth of the commutator 
serve to complete the circuit with the 
galvanometer; and the arrangement 
for every additional severed loop of 
German-silver wire introduced be- 
tween them will easily be apprehended 
from the single intermediate one, s s , 
here shown. The iron wedges, w w w , 
of the rack-piece pushed downwards 
between the yielding iron bladeR of the 
commutator are shown by black dots, 
forming a circuit in the usual manner 
for obtaining a reading of difference 
of temperature between the junctions 
a a\ b b\ Each loop or half-turn ( bfa , 

V fa') of iron wire is continued past 
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the upper junctions ( a , a') and carried through the bath to a separate tooth of 
the commutator ; and by moving the wedges of the rack-piece together one 
tooth-space to the right or left (as shown in new positions by a x in the 
figure), combinations of junctions in the bath with junctibns (a a') above or 
( bb ' ) bel)w the rock-plate are put into connexion with the galvanometer. 

By the same mode of trial as before, a heated iron plate coated with thin 
paper being substituted in the place of an experimental plate, the tempe- 
ratures of its two faces, as exhibited by the thermometer in the bath when 
the commutator was shifted from one of its two supplementary positions to 
the other, were sensibly the same as the heated plate slowly cooled, and no 
false difference of temperature arising from false currents differently excited 
in the two circuits thus joined up were found to be indicated as a result of 
several such determinations of the really equal temperatures of the two faces 
of the plate. This mode of observing the actual temperatures and the 
temperature-differences of the rock-faces in the present series of experiments 
was therefore constantly employed, and the values of the scale-divisions in 
degrees for the other more usual method of employing the thermopile were 
not determined with special care, although this adjustment of the commutator 
was also used to check and follow the gradual variations of temperature- 
difference that were less speedily, although more certainly, measured by the 
absolute method of determination. The only case of failure to observe a 
sensible difference of temperature between the two sides of an experimental 
plate occurred with iron-pyrites, which (as well as galena), being a good 
conductor of electricity, it was found necessary to coat with two thicknesses 
of the thinnest tissue-paper on each face; and the apparent difference of 
temperature recorded (which was decidedly less than 1°) may have arisen 
from the resistance offered by the slight obstructions of these thin paper 
sheets (soaked with water) to the passage of the heat ; although certainly very 
great, no definite value of the thermal conductivity of ordinary iron-pyrites 
can therefore be assigned. It was also necessary to use oil junctions instead 
of wet bladders, from the galvanic effects produced by the saturated salt 
solution, when rock-salt was tested ; and it appears probable from some 
measurements of quartz with the same kind of luting that the conductivity 
of rock-salt thus found is somewhat less than, rather than likely to be in excess 
of, the real thermal conductivity of that substance. As a good assurance that 
when membranes wetted with water were used to press the thermopile 
against the rocks the true temperatures of their faces were very nearly 
marked, the experiment with iron-pyrites may be instanced, as the small 
temperature-difference of less than 1° could not have been observed if the 
wires were not very nearly indeed at the same temperature as the two paper- 
covered faces of the pyrites against which they were pressed ; and as the 
circumstances of their adjustment in other cases were exactly the same as in 
this instance, it may be assumed that the method of pressing the thermopile 
against the rocks with wet bladders adopted in the present series of experi- 
ments exhibited the true temperature -difference of the faces, and afforded 
correct values of the thermal conductivities. The pressure was applied by 
means of strong spiral springs (instead of the weights described in the last 
Report), whose extensions in a graduated tube indicated the pressures which 
they were made to exert. The pressure thus applied was usually 80 lbs. 
upon a surface of nearly 20 square inches of the rock-plates, or about 4 lbs. 
per square inch. The general agreement of the results with those formerly 
obtained also serves to vorify the correctness both of the thermal conduc- 
tivities now assigned and of those previously observed. The principal 
differences in the two methods of determination consist in the use of an im- 
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Grams and 

Absolute conducti- 


Comparisons with former 

Rock specimen tested, 

per cent, 
(pn rock- 
weight) 

Aity observed 

Absolute 

observations, 1875. 

1876. (Water-satura- 

Luting ol 

Wet- 

Resis- 

Absolute 

Roek-speeimen 

tion in vacuo.) 

of water 

Oil and 

bladder 

taneo. 

Conducti- 


absorbed. 

Rod -lead 

junction. 


vity (1875). 

tested (1875). 

Rock-salt (observed). .. 


001154 


87 



Do. allowing for radiation 


0 01130 


88 
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proved thermopile, and in the substitution of wet membranes for the pre- 
viously employed moist luting of wet linseed-meal in the present series. 
Where considerable discrepancies still exist, the discordance is rather to be 
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ascribed to the numberless small precautions required to ensure perfect 
accuracy, than to any constant errors of the methods with which either of the 
two scries of determinations is now believed to be affected. 

In concluding this description, some remarks on the results of the new 
experiments that have been carried out will servo to show what new data 
have been obtained, and how far the observations made last year are corro- 
borated and confirmed by the slightly modified apparatus and method of 
procedure that has been adopted to extend the series. 

Among the points of principal importance noticed last year the following 
facts of great interest already ascertained have now been verified and con- 
firmed. Quartz is still found to have about the same high thermal conduc- 
tivity (85-88 concisely expressed, as explained at the beginning of this 
Keport) compared to the other rocks which had been previously observed. 
The direction in which heat is transmitted through slate is a very important 
condition in regard to its con due ting-power — the conductivity of good Welsh 
(Tcstiniog) slate cut across the cleavage being, however, to that of a plate of 
the same stone cut paiallel to the cleavage- planes, as 5:3 from this year’s 
experiments, instead of 6 : 3 very nearly, as observed in the same slate 
specimens last year. The notable part of this difference of the two years’ 
obseivations is in the better-conducting cross-cut plate (54 instead of 00), 
although the other less-conducting plate (3T5 and 33*5) has nearly the same 
conductivity as it appeared to have last year. Cleavage-fractures which the 
cross-cut plate has suffered, and their repairs, rendering its surfaces uneven 
and the water-junction contacts consequently somewhat imperfect, have 
probably caused this apparent loss of conductivity iu the transversely cut 
specimen of slate. But this latter still exhibits a much higher thermal con- 
ductivity than that shown by the plato from the same piece of slate cut 
parallel to its cleavago-planes. A less distinct difference was found this 
year in similarly sawn and tested plates of clay-slate cut across and parallel 
to the planes of cleavage or of foliation ; but the stronger kinds of the stone 
which supplied a transverse section (as well as the less fragile plates cut 
parallel to the planes of cleavage) presented the appearance of cleavage and 
foliation only very imperfectly, and much less remarkably than the specimens 
of ordinary slate from Wales. The thermal conductivity of the soft clay- 
slate is also less in all directions (26-28*5) than the least observed conduc- 
tivity (31*5) of Welsh slate cut parallel to its cleavage-planes. 

The observations of the effect of moisture in increasing the conductivity 
of the porous rocks, when thoroughly saturated with water, entirely corro- 
borate the similar observations made last year. When the great pressure 
required to force a sensible quantity of water through such rocks as sandstone 
and others which were tested is compared with the very feeble currents 
which differences of temperature and of density of the water in their cavities 
can produce, it appears evident that the very marked increase of conductivity 
observed in such cases cannot be owing to convection- or gravitation- 
currents in the water which the saturated rocks contain, although the 
mobility of the liquid by diffusion and consequent intermixture of its mole- 
cules probably assists the direct conducting-power of water in the transmission 
of tho heat ; and the resulting conductivity of water, free from the action of 
convection- currents, appears to be at least equal to that of some rock-species 
whose thermal conductivities are either the last or nearly the lowest in the 
present list. 

The thermal conductivities of certain new species of rocks are now also 
assigned, the values of which, although they are few in number, appear to 
possess considerable interest from a mineralogical as well as from a geological 
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aspect. Some crystalline rocks and minerals of simple composition (and of 
the cubic system of crystallization) were selected, and, like quartz, they 
proved to have heat-conducting properties in a high degree. The thermal con- 
ductivity of iron-pyrites, resembling apparently that of the metals, could not, 
from its high value, be accurately determined by the method of experiment 
pursued ; and it is accordingly omitted (as undetermined) from the list. The 
diathermancy of rock-salt for the heat radiated and absorbed by the oiled 
surfaces between which the tri$l plate of it was placed will not account for 
more than -fa part of the heat which the plate actually transmitted ; and 
the high position of this substance in the list is consequently due to a really 
high conductivity which rock-salt possesses (about 113), greater than that 
of quartz (85-88), and oven of iluorspar (92|), the substance found to rank 
next to it in high conducting-power. A specimen of galena nearly pure, but 
enclosing a few fragments of quartz, presented the highest thermal conduc- 
tivity (70|) next to that of quartz. A plate of soft, white, opaque cal cite, 
perfectly hut irregularly crystallized (forming vein-stuff in Clifton sandstone), 
agrees exactly in its thermal conductivity (46*7) with various kinds of marble 
(46-49) which were tried last year. On the other hand, a similar specimen 
of heavy spar (barium sulphate) from a mine of that substance near Exeter 
presents, in spite of its great density, a remarkably low thermal conductivity 
(17-18 in two experiments), not very far removed from that of English 
alabaster (gypsum, or calcium sulphate, 23*4). English plate-glass (20*4), it 
majr also he romarked, has a low thermal conductivity, differing not very 
greatly from those of the two substances last named. Finally, the lightest 
species of rocks examined in the course of these experiments, pumieestone 
and Newcastle house-coal, liavo also the lowest conductivities (5*5 and 5*7) 
hitherto presenting themselves in these investigations. 

As, with the exception of rock-salt, clay-slate and elvan, house-coal and 
pumieestone, no new thermal resistances of great importance, in a geological 
point of \icw, are added in the present list to those already exhibited in the 
diagram of these Reports (vol. for 1875, p. 59), a new graphic representation 
of the resistances now found is here deemed unnecessary — the values of the 
absolute resistances furnished in this Table enabling them to he added without 
difficulty in that diagram, where they may thus be exhibited in the same 
normal scale with the earlier determinations. 

The applications to questions of underground temperatures which these 
observations suggest have not yet engaged the Committee's attention suffi- 
ciently to enable them to arrive at definite conclusions certain enough to 
entitle them to be noticed in this Report. Examples of very reliable mea- 
surements of underground temperatures, such as have recently been obtained 
in the tunnels of Mont Cenis and of 8t. Gothard, and in the deep vertical 
boring at Sperenberg, near Eerlin (the last of which, although extremely 
deep, passes almost entirely through rock-salt), are ill-adapted to test distinctly 
the relative values of the thermal conductivities of different species of rocks — 
the former two from the irregular surface- configurations, and the last from 
the absence of any change of the strata through which these borings pass. 
In view also of the many disturbing conditions that affect both the local rate 
of change and the actual observations and measurements of underground 
temperatures in other borings more suitably adapted to exhibit clearly the 
differences of thermal resistance in geological formations, which the Com- 
mittee is endeavouring to distinguish and to recognize in actual cases, it 
would be premature, in the present stage of the investigation, to deal more 
particularly with results derived immediately from these and from similar 
comparisons, the degree of dependence to be placed on which cannot very 
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easiiy t>e defined. The agreement which they trust eventually to trace 
between the observed temperatures and the experimentally determined 
thermal properties of the locally predominating rocks is liable to be masked 
and concealed by causes of disturbance of so many unknown and unsuspected 
kinds, that plain and obvious corroborations are not frequently to be expected ; 
and the nature of those causes which principally tend to disturb the results 
will probably become better known by the progress of further comparisons 
such as the Committee is now endeavouring to pursue. While it was thus 
anticipated by Prof. Everett*, from the slow rate of temperature- variation 
from the surface observed in the rocky excavations of the Mont-Cenis tunnel, 
that quartz (which is a principal ingredient of the rock) would prove to have 
a high thermal conductivity, this property is now also found to belong to 
rock-salt, through which the Sperenberg boring passes with an average rate 
of temperaturo- variation (1° E. in 51 English foot) scarcely differing sensibly 
from the m 'an rate obtained from a mass of similar observations taken in 
other places and recorded by the Underground Temperature Committee. 
The apparent contradiction presented by these two cases may possibly proceed 
from a more rapid local rate of variation of temperature in the neighbourhood 
of Sperenberg than around Mont Cenis ; and the fact that in the first 60 
fathoms of ordinary strata overlying the rock-salt the observed rate of 
variation was slower than below (contrary to what would he expected from 
the relative conductivities of the superincumbent strata and the underlying 
masses of rock-salt), is said, in Herr Dunker’s description of the obser- 
vations, to be probably accounted for by the intrusion into the boring near 
its mouth of the waste warm water of the engines on the surface. The 
effect, it may be observed, of a highly conducting mass, like that of the deep 
bed of rock-salt here penetrated, by diminishing the local resistance and 
increasing the flow of internal heat outwards through the Sperenberg strata, 
would be to cause the local rate of variation of temperature in this locality 
to be abnormally rapid : and perhaps this may explain why a slow rate of 
variation is not observed in this instance, from the great depth of the ex- 
cellently conducting rock-salt formation, which considerably exceeds 3000 feet. 
The Sperenberg boring thus presents examples of secondary conditions which 
will perhaps prove to be in good agreement (instead of, as they at first appear 
to be, somewhat at variance) with the results of the Committee’s observations. 


Report of a Committee, consisting of the Right Hon. J. G. Hubbard, 
M.P., Mr. Chadwick, M.P., Mr. Morlky, M.P . , Dr. Farr, Mr. 
Hallett, Professor Jevons, Mr. Newmarch, Professor Leone 
Levi, Mr. Heywood, and Mr. Shaen {with power to add to their 
number), appointed for the purpose of n,ns‘ihring and reporting on 
the practicability of adopting a Common Measure of Value in the 
Assessment of Direct Taxation, local and imperial . By Mr. 

Hallett, Secretary . 

Yotjr Committee, appointed to inquire into the subject of a Common Measure 
of Yalue in Direct Taxation, have proceeded in this inquiry, have considered 
the matters to them referred, and have agreed to the following Report : — 

# See these Reports, vol. for 1875, p 16, note at bottom of the page. 
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1. Measure of value wanted. — The question of a common measure of value 
is one of a class that may be literally called standard questions, and its 
solution is at the basis of equality in taxation both general and particular. 
Values are the object matters of taxation, their measurement and comparison 
are the necessary condition of its equal incidence ; and measurements with 
unequal measures are like weighings with unjust balances. Taxation, how- 
ever pure its intention, without a common measure of value, is what navigation 
would be without sextant and chronometer, or architecture without compass 
and level. And this perhaps is not an unfair description of what it actually 
is, though not, it may be hoped, of what it must be. One of the chief marks 
of advancing science has been a progress towards better measures and better 
measurements, a substitution of the uniformities of rules of reason for the * 
unrestricted vagaries of rules of thumb ; and such is the aim of tho present 
inquiry. This question of a common measure of value is the question of the 
common measure of taxation ; or if there be several such measures, what is 
their common ratio ? what are they in terms of one another ? 

2. Two Methods of General Valuation : Capital- Value and Usable Value . — 
Measurements of the value of tilings (employing this word u things ” as 
inclusive of land, labour, stock, &e.) may have reference to their absolute 
worth or to their temporary uses. They may have reference to their pro- 
perty, capital, or absolute values, or to their products, profits, or annual 
values. The one measure is exemplified in contracts of sale and purchase, 
the other in contracts of letting and hiring. Each has its special advantages 
and special applications. Capital or absolute value is applied in the assess- 
ment of probate and legacy duty ; usable value in the assessment of local 
taxation and in those of the imperial income-tax. Moreover, as the capital- 
value of the thing must be equivalent to the present value of the sum of its 
future uses, the two measures, if consistently defined, though differing it may 
be year by year, must be in the long run equivalent. But such consistency 
of definition is an essential. The idea of capital-value is tolerably well fixed, 
but that of usable or lettable value is indefinite. Usable value is, or is 
equivalent to, the consideration paid for, the income received from, the use 
of things. This consideration, however, may be paid under such totally 
different conditions of contract that, unless these conditions are first assimi- 
lated, the payments regarded as measures, either of the values of the things 
or of the abilities of their owners, are w 7 orse than useless : they are mis- 
leading. 

3. Usable Value unrestricted and indeterminate and hence unfit as a com- 
mon measure. — To illustrate this : things having a use, and hence capable of 
becoming sources of income, are all, by the very nature of the process, liable 
to outgoings ; some more, some less. Production involves productive con- 
sumption. Efficiency implies cost — cost, for the most part of insurance 
against natural risk ; of repairs ; of necessary depreciation. But the user of 
a thing, he it land, labour, or stock, may engage for its use with or without 
liability to these outgoings ; their costs may he borne by the user or by the 
owner, or they may he divided between the two in any proportion that con- 
venience may direct. The user may bear repairs and the owner natural risk 
and depreciation, or the user may hear natural risk and repairs and the owner 
natural depreciation, or the user may bear all and the owner none, or the user 
none and the owner all, the consideration given (the income received) of 
course varying accordingly. Were the things valued by absolute sale or 
capitalization, all the incidents, whether of efficiency or cost, plus or minus, 
would be wholly and uniformly included, and the test would fix the things* 
relative positions. In valuation by uses, however, it is evident that these 
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incidents are not as a matter of practice uniformly included, and the valuation, 
founded upon unfixed conditions, can fix nothing ; its possibilities of variation 
are coextensive with those of free contract itself, and hence, being absolutely 
unrestricted, as a measure it must be inherently unfit. 

4. Exemplified in incomes of Income-tax, — Such valuations, some tempering 
effect of deductions notwithstanding, have been those of local taxation ; and 
hence the local chaos which Mr. Sclater-Booth’s bill was the last attempt to 
reduce to order. Such also, without any tempering influence, are the 
valuations of income under the present income-tax. In this latter the 
returnable and taxable incomes of interest, land-rent, house-rent, royalties, 
wages, including professional fees and salaries, are the considerations that 
aro paid for the uses of principal monies, land, houses, mines, and labour 
respectively. Interest, however, is the consideration paid for the use of the 
principal, neither user nor owner being subject to any outgoings. Land-rent 
is the consideration paid for the use of land, the user bearing almost all 
outgoings. House -rent is the consideration paid for the use of houses, the 
owner and user sharing the outgoings in various proportions. The owner 
also largely bears outgoings in the contract of mines and royalties ; he wholly 
bears them, as a rule, in that of labour and wages. Moreover these out- 
goings vary according to the nature of the thing; they may vary from zero 
up to 40 or 50 per cent., or even more, of the gross production. It is these 
differences that give rise to the various characteristics of incomes, as gross, 
net, certain, precarious, terminable, permanent, nominal, real. All, indeed, 
are in the catalogue of considerations paid; all are so-called incomes 
received, but only 

“As bounds and greyhounds, mongrels, spaniels, curs, 

Shoughs, walor-rugs, and demi-wolves are cleped 
All by the name of dogs.” 

The true account “ distinguishes ” we are told, and gives to each “ particular 
addition the measure of incomes, too, that lays claim to scientific truth 
must do the same, and to the “ bill that writes them all alike ” and taxes 
them all alike, must add natural differences and just discrimination. 

5. Usable value specialized and determined as Interest-value, By consis- 

tent deduction of outgoings. Inter est-va'ue as the common measure required . — 
And if the cause of these inequalities of valuation be rightly stated, the dis- 
covery of such measure ought not to be difficult. As the inequalities arise 
from the different conditions in respect to outgoings under which the various 
incomes are calculated, the remedy must be the assimilation of these condi- 
tions ; and tbe case of principal and interest, which in one aspect may be 
regarded as a common expression of sources and uses generally, may he 
employed as a precedent. Interest, as before said, is the income received 
from a thing free of outgoings. It leaves the thing or its capital value 
unimpaired. The extension of this idea to revenues or incomes in general 
is simply the universal deduction from them of their productive outgoings — 
equivalent to the general restoration of the capital-values of their respective 
sources. Under such a regime, returnable and taxable income would not be 
land-rent, house-rent, mine-royalties, labour- wages ; but land-rent minus 
land-outgoings, house-rent minus house-outgoings, mine-royalties minus 
is labour-wages minus labour-outgoings; and similarly with 

terminable annuities and the profits of business, the outgoings, however, 
being in all cases only the necessary ones of the production. The result thus 
obtained would be what by analogy we may call the interest- value of the 
various sources ; and such interest- value of land, of labour, of houses, of 
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economic agencies generally. would be the common measure required. And 
the measure is a perfectly scientific one, and, indeed, admits of mathematical 
expression. As the exact difference, comprehensively considered, between 
the total receipts and total outgoings of a source, it is the pure annual 
increment of its capital- value, and hence is identical with absolute profit. It 
•would represent the pure annual growth o£ national wealth taken in its 
widest sense, and the returnable income of national taxation. 

6. Precedents for its practicability . — But are such deductions of outgoings 
on the sources of income and the determination of the interest-value practi- 
cable ? In many cases this question has been already solved by actual 
legislation. That such deductions are practicable for lands, houses, and 
mines may be proved by reference to the Metropolis Valuation Act of 1869, 
and to the Local Valuation Bill before referred to, both of which are grounded 
on them, and have schedules of deduction for different cases attached. That 
they are practicable for machines, ships, trade fixtures, horses, and stock 
generally, the Income-tax Act, with its special clauses for repairs and re- 
supply, itself recognizes ; and though no schedules or deductions are attached 
for these cases, the deductions are well known in the estimates of business 
and recognized in the Surveyor’s office. But if such deductions of outgoings 
are practicable for the labour of horses, are they not practicable for the labour 
of men? Economically considered, the two labours are analogous ; both are 
productive agents, both have productive powers subject to consumption. 
Natural risk, maintenance, and terminability belong to the labour of men 
just as they belong to the labour of horses, just as risk, repairs, and termina- 
bility belong to machines, ships, or implements. All these outgoings are facts 
equally ascertained by experience, and it is difficult to see why their valuations 
are not equally practicable. They are as much an item in a source’s general 
account as the receipts themselves, forming its debit as these form its credit 
column. Nor can any account, be it individual or national, be said to bo 
complete unless both sides are considered. 

7. Effect on Income-tax Act . — The application of this interest-value measure 
to the Income-tax Act would give these results : — Incomes from lands, bouses, 
and mines would be charged much the same as under the proposed new local 
valuation system. Dividends and profits of capital, purely considered, would 
be charged as at present. Government and other terminable annuities would 
not be taxed on the amount representing the restoration of capital. On the 
same principle the incomes from labour, whether pure, as in the case of 
salaried officers and some professors, or mixed with the proceeds of capital, 
as in other professions and as in businesses, would be entitled to material 
deductions varying with the relative proportions of skill and capital engaged. 
In all cases the tax would be collected at the source and levied on the net 
value of the produce ; and the deductions would be made without reference, 
as such, either to the position or fortune of the owner. 

8. Practicability exemplified in composite incomes. — Questions may he raised 
oil the practicability of applying an outgoings deduction to incomes from 
businesses and professions which axe the mixed results of labour and capital. 
It may be objected either, first, that as labour and capital enter into these 
mixed inccmes in varying proportions, and as the percentage of labour- 
outgoings is very different from that of capital-outgoings, a deduction common 
to these mixed incomes and to unmixed labour-incomes would be unjust; or, 
secondly, that if the labour-income and capital-income be assessed separately 
a separate return of capital will be necessary, and that this must entail an 
objectionable exposure of affairs. To meet the first objection, a classification 
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of business and professional incomes, with a varying percentage deduction 
according to the average proportion of capital in each class, has been pro- 
posed ; but it may be doubted if the second objection has any just foundation. 
That the assessment of an income from conjoint sources does not necessarily 
involvo an official return of these sources, may be seen by looking to the 
return of the income of capital or stock itself, as exemplified in all large 
trading companies. This income, regarded in the concrete, consists of the 
conjoint incomes from houses, ships, machinery, stock, trade fixtures, all oi 
which incomes having different outgoings, are singly and differently assessed 
by the owner, but all of which are united, without statement of particulars, 
in one common official return. What is practicable, however, with the 
incomes (derived, say, from horse labour plus machinery) is also practicable 
with those derived from human labour plus capital generally. Doubtless, in 
order to value the labour-income separately from the capital- income, the two 
must be separately known to the valuer, but not, therefore, separately 
returned to the Government unless Government undertakes the work of 
accountant. The distinction between the two (the one technically known 
as profits, the other as interest) is a primary distinction in book-keeping 
usually given in every profit and loss account. Capital beingfknown (and 
this knowledge is as necessary to the preparation of an accurate return under 
the present system as to that under the proposed one), its interest subtracted 
from the mixed income will give the technical profits, gross labour-income, 
or gross wages of the capitalist. The deduction of labour- outgoings from 
the labour-income will give the labour’s interest- value, which, plus the 
interest of the capital, will be the interest- value or returnable income of the 
business or profession. 

j Example 1. — A (a barrister, physician, or salaried officer) has .£1000 a year, 
an unmixed gross labour-income. Assuming, 40 per cent, to be 
the average labour-outgoings for risk, maintenance, and “ depreciation ” 
the deduction will be £400 and the interest-value £600. A’s returnable 
and taxable income will be £600. 

Example 2. — B (a solicitor or general medical practitioner) has £2000 capital 
in his practice, and a gross income as now returnable of £1000 a year, 
the joint result of his personal labour and bis capital. Interest being 
reckoned at 5 per cent., £1 00 will be the interest-value of his capital, 
and £900 the gross income, wages, or so-called profits of his labour. 
The deduction of 40 per cent, from this for ’ab-mr < u:g iisi*- leaves £540 
as the labour’s interest-value, which, plus £100 as the interest of capital, 
gives £640 as the interest- value of his practice. B’s returnable and 
taxable income will be thus £640. 

Example 3. — C (a merchant, manufacturer, or shopkeeper), having a capital of 
£10,000 in his business, has a gross income of £1000 a year, the joint 
result of his capital and personal labour. Here, under the former 
suppositions, the interest of his capital will be £500, and the gross 
income of his labour will be £500. Deducting 40 per cent, for labour- 
outgoings, as before, we obtain £300 as the labour’s interest- value, 
which, plus the interest of the capital, equals £800, the interest- value 
of the business. C’s returnable and taxable income will he £800.' 

Zero-point of Direct Taxation. — In the remuneration of labour, as we 
descend in the scale, there must be a point at which income and outgoings 
balance, and at which, therefore, interest-value or real profit is zero. This 
important point in labour, analogous in land to the commencing point of 
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rent, iB the scientific division in labour betweon exemption and taxation 
that a common measure of value dotormines. Whorover the point may be, 
below it there is no interest- value, and hence ought to be no taxation ; and 
it is above this point that in strictness the percentage deduction for outgoings 
ought in every case to begin. 

Example 1. — A, a labourer, earns 305. per week, an unmixed gross labour- 
income. Assuming this sum to be only sufficient to meet the necessary 
labour-outgoings, then the interest-value of the income will be nil. A’s 
income will be wholly untaxable. 

Example 2. — B, a clerk or artisan, earns ,£150 per year. Assuming, as 
before, 305. per week or =£78 per year, as the necessary labour-outgoings, 
then the subtraction of this sum will mark the zero-point of the labour’s 
taxable income, and '=£72 will be the margin to which alone the per- 
centage deduction for outgoings ought to bo applied. Assuming this 
deduction at 40 per cont. as before, we have £22 as such deduction, and 
£44 as the labour’s interest- value. B’s returnable and taxable income 
will be £44. 

A similar preliminary process of correction applies to all higher labour- 
incomes, the zero-point being determined by the amount fixod on as tho 
labour’s necessary outgoings. 

9. Proposed new Valuation System intermediate to the Self -assessment and 
Official Systems. — The practical working of a measure of value, like other 
measures, has necessarily a relation to the persons by whom it is applied. A 
just measure, through careless or wrong application, may act unjustly ; but 
unjust application is no argument for an unjust measure ; an unjust measure 
even when rightly applied must act unjustly. In the income-tax, as now 
arranged, with its five or six inconsistent measures of value, the valuation 
for some of the chief schedules ranges between the loose liberties of self- 
assessment and the inquisitorial stringency of official : the one system con- 
scious of a radical injustice in the law, which it is itself called on to apply, 
the other in total ignorance of the facts which the law covers, and both 
working in antagonism to each other. In the valuation for probate duty we 
have a third system, applied not by the interested individual nor by the 
official, but by a third and independent party, authoritatively licensed, indeed, 
by the Government, but selected by the individual, and hence whilst neutral 
himself, having responsibilities to each. Under an equitable measure of 
value, self-assessment might in the first instance exist as at present ; but in 
cases of doubt Government might require the guarantee of such an independent 
authority (licensed valuer, accountant, lawyer, acting as a semiofficial com- 
missioner in income-tax) for a second evidence to tho truth of the return, 
reserving its own power of official examination as a last resort. At the 
present time many firms do actually call in professional accountants to make 
up their returns ; and with a growing sense of justice in the tax, such an 
independent guarantee to the truth of the return might not improbably 
become general, and might even acquire the force of a custom. 

* Comparison between Capital- Value and Interest- Value. 

10. Capital-value and Interest-value equivalent on a series of years , but not 
for each year. — The two measures, capital-value and interest-value, are, as 
before observed, on a series of years equivalent. Interest-value is capital- 
ralue for a year. Capital-value is the present w r orth of interest-value for all 
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years. But though the two measures are thus equivalent on an average o i 
years, they are not equivalent for each specific year. Interest-value measures 
the gains of capital for ono year, and capital-value measures its gains for 
that year, with the expectant or probable gain of future years added. As, 
however, national gain for any year has, as a rule, the elosest relation to the 
national expenses for that year, the interest-value is a more specific measure 
for annual taxation than the capital-value ; and this is probably the reason 
that has unconsciously led to tho adoption of an annual-value measure, both 
in local and imperial taxation, in preference to one of capital or perpetual 
value. 

Capital-value in comparative relation to things and to tenures generally . — 
Measures practically equivalent may, however, through differences of appli- 
cation, give contrary results ; and of this the two measures in question afford 
illustrations. Taxation, according to capital-value, may look either to the 
sources, things, or objects owned, or to the rights and tenures of their 
owners — to the land, labour, or stock possessed, or to the freehold, leasehold, 
life-tenancy, or jointure, as tho case may be, of the possessors. Primd facie 
it would appear that as the value of tho tenures of a thing, however manifold, 
can be neither more nor less than the value of the thing itself, the results of 
the scientific capitalization of the two should bo identical. As a matter 
of fact, however, this has not been admitted to be the case ; and it is on the 
question of tenures that the deepest controversies of tho income-tax have 
arisen. 

Capital-value in relation to terminable tenures . — As the capital-value of a 
limited tenure in an estate, for example, is less than that of a permanent 
one, its taxation, it is argued, ought to be less, and therefore it ought to pay 
at a lower rale. Putting aside for a moment the question of the truth of 
this inference, it is evident that its enforcement would make an estate’s 
taxation vary with the character of its tenure, thus giving power to the 
subject to alter taxation by altering tenure, and that to almost any extent. 
To avoid this it has been proposed to derive tho whole tax from the estate 
as at present, but to levy on the limited tenure according to its capital-valuo, 
and to make the reversion liable for the balance. 

Terminability of tenure does not influence the Annual Tax, — Without dis- 
cussing the administrative difficulties of this view, it may be questioned 
whether such a view be a logical deduction from the principle of taxing 
tenures according to their capital-value. Assuming that a limited tenure in 
an estate ought to pay less than a permanent one, with reference to its 
capitalized value, it would not therefore follow that it ought to pay at a lower 
annual rate . Be tho tenure long or short, the estate for any given year is 
the same, the value for that one year’s tenure is the same, the government 
protection afforded to it for that year is the same, and hence it would appear 
that the payment for each year ought to be the same also. But if each year's 
payments be the same in both cases, the total payments are not therefore 
equal ; the limited tenure pays only for a limited time, whilst the perpetual 
tenure pays for all time ; and if these payments bo aggregated it will be found 
that their amounts are in exact proportion to the capital-values of the 
respective tenures. Should it bo said that the reversioner, having interests 
in tho good government of the present, ought therefore to contribute according 
to the value of these interests, the reply is that the present possessor has been 
tho reversioner of the past, and has had similar interests in the good govern- 
ment of the past. If, therefore, present possession has a claim on the future, 
it owes a debt to the past ; and it may be mathematically shown, what 
1876. i> 
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perhaps a sense of the fitness of things indicates, that for any given year the 
claim and debt will cancel each other, and leave every year’s possession to 
pay the whole year’s tax on the estate possessed. 

Difference between incomes from terminable tenures and those from termi- 
nable things . — That a terminable incomo by paying at the same annual rate as 
a perpetual income is equally paying according to its capital- value, is a pro- 
position insisted on by Mr. Warburton and by Mr. Mill in the two Commissions 
on the Income-tax ; and as far as the above class of terminable income is 
concerned, the proposition is true. But these gentlemen unfortunately 
carried it into a region where it had no status, and in virtue of it denied the 
applicability of capital-value, if not of arithmetical proportion generally, as 
a reforming measure of the income-tax. As there are incomes and incomes, 
so there are terminable incomes and terminable incomes. If the terminable 
income be the terminable tenure of a pure interest-valuo, such, practically 
speaking, as a life-interest in land or in consols, to tax it at the same rate 
as a permanent incomo is to tax each according to its capital- value. If, 
however, the terminable incomo bo an incomo that is made up partly of 
interest-value and partly of capital that terminates, not simply as a legal 
right, but by gradually exhausting its source, then to charge such income at 
the same annual rate as a permanent one of similar amount is not to tax it 
according to its capital-valuo— a truth repeatedly demonstrated by tho 
actuaries before Mr. Hume’s committee, and evident from the reflection that 
the capital-valuo of the source is, by the very nature of the income, continu- 
ally passing away, whilst the tax remains the same. Under the conditions 
stated, the tax on the one terminable incomo would be a tax on pure 
interest-value, the tax on the other would bo a tax on a mixture of interest- 
valuo plus capital. By combining the propositions of the actuaries and of 
Mr. Warburton, each true in its own sphere, but each erroneous when 
applied to the other, wo may conclude that the results obtained from the 
capitalization of tenures aro identical with those obtained from the absolute 
valuation of sources; and both may bo quoted in confirmation of those 
obtained from tho principle of interest-value. 

Capital-value in relation to personal riches and property . Common measure 
of value as needful for equal exemption as for equal taxation . — Another appli- 
cation of capital-value as a measure, however, cannot be so quoted. Tho 
taxation of a particular property according to capital-valuo may be inter- 
preted as taxation, not according to the worth of that particular property, 
but according to the absolute worth or financial position of the person who 
owns it ; and such a method of levy has been orroneouslv defended as 
taxation according to ability. In this view a rich man ought (considerations 
of practicability apart) to pay a heavier duty upon his dog, his bottlo of wine 
or whiskej", than a poor man ; and, the estates being equal, tho owner of a 
permanent tenure would pay more for each year’s possession than would tho 
owner of a limited one. Such a theory of capital-value may not bo general, 
but it has a certain degreo of popularity, and seems to be constantly getting 
itself mixed up not only with discussions but even with legislation on the 
incidence of the income-tax. It may be questioned whether the operation of 
this theory is not visible, for example, in the exemption from imperial direct 
taxation (recently so largely extended) of large masses of property in the 
country including many thousands of acres of land, in consequence of the 
accident of their ownership. Property thus exempted becomes property 
taxable by mere change of possession, irrespective of tho intrinsic nature or 
value of the property itself. To exempt in an income-tax the necessary 
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outgoings of the source of income, be it labour or land, is merely to confine 
the tax to its own stated objects, viz. to income proper ; but to exempt or 
lower the rate on this income proper, merely in consideration of the personal 
status of its owner, is to travel into quite a different region — it may be into 
the region of national charity, or into that of some other principle, but 
assuredly far away from that of equality in taxation. It may be added that 
such exemptions, even when admitted, need a common measure of value for 
their rational application. There are small incomes and small incomes — 
incomes that are pure interest- values, incomes that arc pure drafts on capital, 
and incomes that are mixtures of interest-value and draft on capital ; and 
the equal exemption of these kinds, as in the present income-tax, is as un- 
equal as would be their equal taxation. As before said, the interest-value 
measure itself would exempt all small labour-incomes to the extent of their 
necessities without furthor special rule. 

Bearings op Common Measure op Value on* General Taxation and 
National Income. 

1 1. Common measure of value necessary to the adjustment of general tax* 
aiion : fallacies from its absence . — “ Your Committee also feel that it would 
be unjust to make any alteration in the present incidence of the income-tax, 
without at the same time taking into consideration the pressure of other 
taxation upon the various interests of tho country, some of it imposed by recent 
legislation, and in ono case especially, that of the succession duty, to some 
extent by way of compensation.” This, written in 1861, is the last sentence 
of the Iteport of the Select Committee appointed in that year pn the equa- 
lization of the Income-tax ; and perhaps no paragraph could be quotod as a 
stronger argument for the necessity of determining a common measure of 
value. It may, indeed, be thought by some that for the purpose of internally 
equalizing a tax over its own area, be that aroa sugar, coffee, or incomes, a 
preliminary inquiry into the pressure of taxation in general is somowhat of 
a work of supererogation ; and it may not be mathematically obvious to 
others what possible sort of compensation can exist between tho inequalities 
of a tax, or a set of taxes, that are almost stationary, and those of one that 
changes with every national emergency — that in twenty years has actually 
compassed tho extremes of sixteenpenco and twopence in the pound, with 
every variety of intermediate oscillation. But assuming it to be advisable 
for the purpose in question, as it must doubtless be always generally useful, 
to know the comparative pressure of taxation as a whole upon the interests 
of the country, it is clear that such a knowledge implies their valuation 
through a common measure, and is, indood, as impossible without it as would 
be the knowledge of the weights of different things without weighing them 
by a true balance. Eminent statists have, indeed, attacked this problem, 
using incomo itself as the means of the comparison, though oftentimos without 
a sufficient preliminary examination of the accuracy of their instrument. 
Comparing the statistics of different classes of income, as collected from the 
government returns and from inquiries specially made, with the statistics of the 
corresponding classes of taxation, they have sometimes concluded that general 
taxation is, as a whole, tolerably equal. The truth of this conclusion evidently 
depends upon the uniformity of the standard employed. As, however, this 
uniformity has no existence (the government returns alone presenting at 
least five or six different modes of estimate), the iiriruinent can prove nothing 
as regards general equality, except its absence ; but does prove that taxation 
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in general, regarded as a larger income-tax, is equally in want of a common 
measure with the income-tax proper. So far from the measurement of the 
income-tax proper being dependent on the measurement of general taxation, 
the measure that underlies them both is one and the same; and, indeed, the 
true view of an income-tax is that it should be a perfectly just and equal 
tax in itself, rather than an imperfect tax compensating the imperfections of 
other taxes. 

Common measure of value necessam/ for finding national income and wealth : 
fallacies from its absence . — The evil consequences of a want of a common 
measure of value, seen in the comparison of incomes for purposes of taxation, 
is also seen when they are added together for the exhibition of the amount 
of national income and wealth. To find this national income, the government 
returns of the income-tax have been taken, and to this miscellaneous aggre- 
gate the exempted incomes of the country, including manual-labour wages, 
have boon added, as if all wero of one equal and uniform denomination. 
Much of such income, however, as has been repeatedly pointed out, is only 
the consumption of capital. Within the period of a generation, say thirty 
years, all the value of human labour, plus the cost of maintaining it, passes 
into the category of labour-income. Within longer but varying periods the 
value of all houses, ]ihis the cost of repairing them, passes into the category 
of house-income. Within still more varying periods all the mining wealth 
of the country must pass into the category of mining-income and disappear ; 
and all capital of terminable annuities passes into terminable income. By 
some writers this medley of so-called income (but no more income than the 
payments for exports are income, or drafts on bankers are income) has ever 
been capitalized at one (and that an extreme) rate, to get the national wealth, 
the result of the whole process being an exaggerated and practically mis- 
chievous estimate of national income, of national wealth, and of the nation’s 
capacity to boar taxation. Probably no better example than this could be 
given of the necessity of a common measure of value. Common measures 
(common units) are the souls of statistics, as, indeed, they are of knowledge 
generally. Without them statistics are a mere incoherent mass of facts, 
usurping the semblance and function of exact science. A common measure 
of income, discovering the amount of the element common to rent, wages, 
profits, and interest, determines the true increment of wealth considered in 
its widest sense, and expresses both the extent and the ratio of economic 
progress. This common measure may be briefly described as interest-value : 
it is an essential, if not the fundamental, basis of taxation. 


Report of the Committee, of Professor Clerk Maxwell, 

Professor J. 1). Everett, and Dr. A. Schuster, for testing experi- 
mentally Ohm’s Law . 

The statement of Ohm’s law is that, for a conductor in a given state, the 
electromotive force is proportional to the current produced. 

The quotient of the numerical value of the electromotive force divided by 
the numerical value of the current is defined as the resistance of the con- 
ductor; and Ohm’s law asserts that the resistance, as thus defined, docs not 
vary with the strength of the current. 
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The difficulty of testing this law arises from the fact that the current 
generates heat and alters the temperature of the conductor, so that it is ex- 
tremely difficult to ensure that the conductor is at the same temperaturo 
when currents of different strengths are passed through it. 

Since the resistance of a conductor is the same in whichever direction the 
current passes through it, the resistance, if it is not constant, must depend 
upon even powers of the intensity of the current through each clement of 
the conductor. Hence if wo can cause a current to pass in succession 
through two conductors of different sections, tho deviations from Ohm’s law 
will be greater in the conductor of smaller section ; and if the resistances of 
tho conductors are equal for small currents, they will be no longer equal for 
large currents. 

The first method which occurred to the Committee was to prepare a set of 
five resistance-coils of such a kind that their resistance could be very accu- 
rately measured. Mr. Hockin, who has had great experience in measuring 
resistance, suggested 30 ohms as a convenient magnitude of the resistance 
to be measured. The five coils and two others to complete tho bridgo were 
therefore constructed, each of 30 ohms, by Messrs. Warden, Muirhead, and 
Clark, and it was found that a difference of ono in four millions in tho ratio 
of the resistance of two such coils could be detected. 

According to Ohm’s law, the resistance of a system consisting of four 
equal resistance- coils joined in two series of two should be equal to that of 
any one of the coils. Tho current in the single coil is, however, of double 
the intensity of that in any one of the four coils. Hence if Ohm’s law is not 
true, and if the five coils when compared in pairs with the same current aro 
found to have equal resistances, the resistance of the four coils combined 
would no longer bo equal to that of a single coil. 

A system of mercury-cups was arranged so that when the sj^stem of fivo 
coils was placed with its electrodes in tho cups, any one of the coils might bo 
compared with the other four combined two and two. After this comparison 
had been made, the system of five coils was moved forward a fifth of a revolu- 
tion, so as to compare tho second coil with a combination of the other four, 
and so on. 

The experiments were conducted in the Cavendish Laboratory by Mr. Gr. 
Chrystal, B.A., Eellow of Corpus Christi College, who has prepared a report 
on the experiments and their results. 

A very small apparent deviation from Ohm’s law was observed ; but as this 
result was not' confirmed by the much more searching method of experiment 
afterwards adopted, it must be regarded as the result of some invguhrily in 
the conducting-power of the connexions. 

The defect of this method of experiment is that it is impossible to pass a 
current of great intensity through a conductor without heating it so rapidly 
that there is no time to make an observation before its resistance has been 
considerably increased by the rise of temperature. 

A second method was therefore adopted, in which tho resistances were com- 
pared by means of strong and weak currents, which were passed alternately 
through the wires many times in a second. Tho resistances to be compared 
wore those of a very fine and short wire enclosed in a glass tube, and a long 
thick w r ire of nearly the same resistance. When the same current was passed 
through both wires, its intensity was many times greater in the thin wire 
than in the thick wire, so that the deviation, if any, from Ohm’s law would 
be much greater in the thin wire than in the thick one. 

Hence, if these two wires are combined with two equal large resistances in 
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Wheatstone’s bridge, the condition of equilibrium for the galvanometer will 
be different for weak currents and’ for strong ones. But since a strong current 
heats the fine wire much more than the thick wire, the law of Ohm could not 
be tested by any ordinary observation, first with a weak current and then 
with a strong one, for before the galvanometer could give an indication the 
thin wire would be heated to an unknown extent. 

In the experiment, therefore, the weak and the strong current were made 
to alternate 30 and sometimes GO times in a second, so that tho temperature 
of the wire could not sensibly alter during the interval between one current 
and the next. 

If the galvanometer was observed to be in equilibrium, then, if Ohm’s law 
is true, this must be because no current passes through the galvanometer, 
derived either from the strong current or tho weak one. But if Ohm’s law is 
not true, the apparent equilibrium of the galvanometer-needlo must arise from 
a succession of alternate currents through its coil, these being in ono direction 
when the strong current is flowing, and in the opposite direction when the 
weak current is flowing. 

To ascertain whether this is the case, we have only to reverse the direction 
of the weak current. This will cause the alternate currents through tho gal* 
van ometer- coil to flow both in the same direction, and the galvanometer will 
be deflected if Ohm’s law is not true. 

Mr. Chrystal has drawn up a report of this second experiment, giving an 
account of the mode in which the various difficulties were surmounted, 
Currents were employed which were sometimes so powerful as to heat the 
fine wiro to redness ; but though the difficulty of obtaining a steady action oi 
the apparatus was much greater with these intense currents, no evidence oi 
a deviation from Ohm’s law was obtained ; for in every experiment in which 
the action was steady, the reversal of the weaker current gave no result. 

The methods of estimating the absolute values of the currents are describee! 
in the Eeport. 

A third form of experiment, in which an induction-coil was employed, is 
also described ; but though this experiment led to some very interesting re- 
sults, the second experiment gives the most searching test of the accuracy oi 
Ohm’s law. Mr. Chrystal has put his result in the following form. 

If a conductor of iron, platinum, or German silver of one square centimetre 
in section has a resistance of one ohm for infinitely small currents, its re- 
sistance when acted on by an electromotive force of ono volt (provided iti 

temperature is kept the same) is not altered by so much as part. 

It is seldom, if ever, that so searching a test has been applied to a law whicl 
was oiigiimlh established by experiment, and which must still be considered 
a purely empirical law, as it has not hitherto been deduced from the funda- 
mental principles of dynamics. But the mode in which it has borne this teal 
not only warrants our entire reliance on its accuracy within the limit oi 
ordinary experimental work, but encourages us to believe that the simplicitj 
of an empirical law may be an argument for its exactness, even when we art 
not able to show that the law is a consequence of elementary dynamical 
principles. 

First Experiment . Christmas 1875. By G. Chrystal, Cavendish Laboratory 
Cambridge . Communicated by J. Clerk Maxwell. 

If the electromotive forco between two points of a uniform linear con 
ducior measured in appropriate units by means of an electrometer be E, ant 
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tho quantity of electricity that passes through any section of the conductor in 
unit time, measured either by a galvanometer or by a voltameter, be C, then, 

according to Ohm’s law*, ^ is directly proportional to the length of the con- 

ductor, and inversely proportional to the area of its section. 


The coefficient of proportionality for a definite + substance depends merely 
on the temperaturo of the substance ; for unit length and unit Bection of a 

15 

given substance the value of the ratio for a given temperature is called tho 


specific resistance of the substance for that temperature, and is one of the 
most important of its physical constants. 

This law has been directly / verified by its discoverer, and by Becquerel, 
Davy, Eechner, Ivohlrausch, and others; and indirectly it has been verified 
for a great variety of substances with a degree of accuracy approached in few 
physical measurements. 

Lately, in <1L: ii *ii \y. some experiments of his own, Dr. Schuster has raised 
the question whether after all Ohm’s law is only an approximation, the limit 
of whoso accuracy lies within tho region of experiment. 'Wo might suppose 


that, the ratio — J 


was some function of C 2 , say 


E 

C 


=R-SC 2 , 


where It is a constant very nearly equal to what has hitherto been called the 
specific resistance, and 8 is a small constant which, according to Dr. Schuster’s 

suggestion, would bo positive. It is clear that ~ can only be an even function 


of C, unless we admit unilateral conductivity, for which there is no experi- 
mental evidence in a purely metallic circuit. 

A Committee of the British Association, appointed to consider the subject, 
were of opinion that it was of importance to attempt a further experimental 
verification of Ohm’s law. 

At the suggestion of Professor Maxwell, tho experimental details of two 
methods of verification proposed by him were undertaken by the writer of 
this Report. Of the two experiments representing these methods the second 
is by far the most conclusive. It not only avoids the difficulty of eliminating 
temperature effects, which fo a certain extent interfere with the first experi- 
ment, but it pushes the verification of Ohm's law very near the natural limit 
of all such verifications, viz. the limit of the solid continuity of the conductor. 
It has thus been rendered probable that experiment cannot detect any 
deviation from Ohm’s law, either in the diroction indicated by Dr. Schuster, 
or in the opposite direction as suggested by Weber, even in wires that have 
been brought by the electric current to a temperature beyond red heat. 

A third experiment was also tried by the writer of this Report ; its result 
agreed with the others, but, owing to certain peculiarities, it is less conclusive 
than they are. It led, however, to interesting results of another kind, which 


* The current is supposed to be steady. 

t By definite is meant in a given physical condition, except as regards E.M.F. and flow 
of E, and temperature. The last is excepted because we are brought face to face with 
possible temperature variations in the first experiment. 

{ We suppose the conductor to be of unit length and unit section. It is of course the 
specific resistance which is in question ; and this, if variable, will depend on the current 
per unit of section. 
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seem to. show, among other things, that conclusions respecting the accuracy 
of Ohm’s law cannot safely he drawn from experiments of the nature of 
those made by Dr. Schuster. 


Pirst Experiment. 

Suppose that we had five resistance-coils* which, when compared with each 
other by means of the same current, wero equal, say each = R. That is to 
say, if any two of the resistance-coils were inserted in tho branches A B and 
B D of a Wheatstone’s bridge, the other two arms, A C and € D, being two 
other equal resistances, then the galvanometer G inserted between B and C 
would indicate no current. 

Pig. 1. Pig. 2. 

B 



Suppose now that vve replace the coil R in BD by four of tho equal coils 
arranged in multiplo arc, as in fig. 2. Then, if Ohm’s law be true (?’. e. if 
resistance be independent of curront), if p be the resistance between B and D, 

p 2R "** 2R 11* 

i.e. p=R, and there will still be no deflection in the galvanometer. But if 
Ohm’s law be not true, and the resistance be a function of the current, then, 
since tho current through A B is nearly the same as in the first experiment, 
while that through BED and B P D is half, the resistances in B E, E D, B P, 
P D will be no longer equal to R, but either greater or less, and the galvano- 
meter will be deflected. 

Under the direction of Professor Maxwell, part of the funds at the disposal 
of the Committee were devoted to providing two sets of coils specially 
adaptod for the above experiment. One set* consisted of five coils of silk- 
covered German silver wire (diameter *6 millim.), each of resistance as nearly 
as possible equal to 30 B.A. units. These w r ere all wound together in tho 
usual way round one bobbin ; the terminals consisted of ten pieces of stout 
copper wire, insulated from each other by a ring-shaped piece of ebonite, 
through which all of them passed. These stout wires w'ere bent over, and 
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out as nearly as possible of tbe same length, so that their amalgamated ends 
might go in pairs into mercury-cups. The wire and bobbin were enclosed 
between two coaxial cylinders .of sheet brass, which were fastened to the 
ebonite piece above, and connected by a ring of sheet brass below. The 
whole had a rough resemblance to a large spider. The other set consisted of 
two coils made of the same wire, and having each as noarly as possible the 
same resistance. They were arranged in the same way, except that the ter- 
minals of the same coil were adjacent. 

As tho adjustment of the coils was necessarily not perfect, the experiment 
could not be tried exactly as described in tho above scheme. I decided, 
therefore, to operate as follows : — First, to compare each coil of the five with 
the coil next in order; the differences between any two coils could then be 
found in terms of an arbitrary unit (the resistance of a tenth of a millimetre 
of the platinum-iridium bridge wire at the temperature of the room during 
tho experiment) ; second, to compare each coil with the four others arranged 
in multiple arc, as before described. Tho results thus obtained were com- 
pared, as will be described further on. 

To facilitate these comparisons, the following arrangement of mercury-cup 
connexions was mado for mo by Mr. Garnett, of St. John’s College, tho 
Demonstrator at the Cavendish Laboratory : — 

Fig. 3. 



To a massive board arc glued five largo mercury-cups, mado of boxwood, 
with a piece of amalgamated sheet copper at the bottom. Into those go the 
ten terminals of tho five coils, so that there would bo metallic connexion 
round all the five coils in scries were it not that the cup A is divided by a 
pieco of vulcanite, which insulates the two terminals in that cup. I is a 
stout copper bow connecting B and the lower division of A ; to this bow is 
soldered one of tho galvanometer terminals. Into, the cups u and v dip the 
two terminals of one of the two coils, m is a stout bow of copper connecting 
the upper half of A with u. Another bow goes from v to F, one end of tho 
bridge, which is the instrument used by the British -Association Committee of 
1863, and will be found described at p. 353 of the Report (1864) of the Com- 
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mittee on Electrical Standards. To m is soldered one of the battery terminals. 
The connexions on the right are similar to those on the left, and may be un- 
derstood from the diagram. The other galvanometer terminal goes to the 
contact-block L. The battery used consisted of twelve Leclanche’s cells, the 
whole internal resistance of which was about 13 B.A. units, its E.M.E. being 
about 16 times that of a Daniell. The whole resistance of the bridge from E 
to G was about '075. The galvanometer is an instrument made by Elliott 
Brothers, belonging to the British Association ; its resistance is about half a 
B.A. unit. 

Good contact between the feet of the copper terminals of tho quintuple coil 
and the bottom of the mercury-cups was secured by placing a weight on the 
top of the coil ; the* spring in the terminals was then sufficient to ensure 
contact everywhere. 

In the arrangement figured in the diagram the coil p is balanced against a 
multiple arc, containing q and r in one branch, and s and t in the other. 
To compare one single coil with the next single coil, l is removed, and ono 
end of tho galvanometer wire connected instead with the cup E, while m is 
made to connect the lower instead of the upper half of A with u ; with this 
arrangement the coil t is balanced against tho coil s . 

The coils in the quintuple coil are numbered 1, 2, 3, 4, 5 ; and in experi- 
ments with multiple arc the coil between A and B is referred to as the 
“ single coil ; ” in experiments with single coils those between D and E 
and E and A are eallod right coil (K.C.) and left coil (L.C.); the coils 
between w and cc and u and v aro called right and left middle coils (R.M.C. 
and L.M.C.), and are numbered 1 and 2. The bridge is read from left to 
right. 

Some preliminary experiments were made with the apparatus, which 
showed that the coils had been very well adjusted by the makers, Messrs. 
Warden, Muirhoad, and Clark. It was found that with the arrangement 
described (the best at our command in the Cavendish Laboratory), the bridge 
could be read to a quarter, if not to an eighth of a millimetre. A small 
correction was found necessary for the magnetic field, duo to tho current in 
the bridge connexions; this was allowed for by adjusting a loop of the 
battery-wire till the galvanometer showed no effect when the battery w r as 
turned on. Thermoelectric currents in the galvanometer circuit, owing to 
heating from the hand at the contact-block, were avoided almost entirely by 
using two pieces of wood, which were interposed between the fingers and the 
block, and were continually changed so as not to get hot. 

The order of experiment was generally as follows : — The weight was ad- 
justed on tho quintuple coil, the battery was thrown in for a moment by 
means of a treadle which closed the battery circuit ; if there was no direct 
effect on the galvanometer, tho battery was thrown out, and contact made at 
the block ; the spot of light on the scale was watched through a reading- 
telescope, and if it was at rest* the battery was thrown in : the deviation 
indicated which way the block had to be moved to get a balance. Two or 
three trials in general sufficed to get tho balance. Tho bridge was then 
read ; the middle coils were then reversed, the balance found, and the bridge 
read again. The difference of the readings gives the difference of the resist- 
ances of the middle coils, as may easily be shown (see 6 Journal of Society of 
Telegraph Engineers/ Oct. 1872). The middle coils being replaced as before, 
the quintuple coil was moved round one step, and the same process repeated. 

* On the avoidance of small thermoelectric effects, see below in the discussion of the 
second experiment. 
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Formula of Reduction. 

Let the right-hand middle coil (No. 1) be taken to be 30 ohms, the bridge- 
wire being *075 of the same units. Let r denote the resistance of this coil, 
the unit being the resistance of a tenth of a millimetre of the bridge-wire, 
therefore 


_ 30x10000 
T *075 


=4000000. 


Let the resistances of 1, 2, 3, 4, 5 of the quintuple coil, measured in the 
same units, be r + a, r- f-/3, r-j-y, r + S, r + e. 

Hence, comparing middle coil 1 with 2, 1 being on the right, 

_ r + b + D+x m 

^“r + lOOOO-fa-V K) 

whero r + 1) = resistance of middle coil 2, x the bridge-reading, a and b the 
resistances of the connexions at its two ends. This gives 

« — /3={I) — a — b+2(x — 5000)} ~ ^ j? • • (2) 


all other terms being negligible. 

Now the greatest possible value of 10000 — x is G000, since the readings 
never went below 4000, and D-f 2(x— 5000) was never greater than 400. 

Hence the term involving is less than 


400 x 0000 __ 6 
“4000000“ ~ 10’ 

and is therefore negligible, since we do not read beyond tenths of a milli- 
metre. Hence we may use the formula 

a ~/3 = D - a - 6 + 2(a? - 5000) (3) 

Similarly, in comparing one coil against four, we get the formula 

a— 4(/J+y+a+e) — 3>— « = 5000). . . (4) 

To find a — b y the “ bridge correction,” a reading is taken with the coils 


Fig. 4. 



arranged as usual either for a single experiment or for a multiple-arc ex- 
periment : let this reading bo x. Then the connexions are crossed, as in the 
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figure, by introducing two new pieces of copper and two more mercury-cups, 
the arrangement independently of the bridge being very nearly symmetrical : 
Let the reading now be x\ 

Assuming that the resistances of the movable cups and bows at the two 
ends are equal, =7c in one case, in the other, then 


P -f* 7c *4" ci -f* l — x A 

“0+A:+6+F" ~ TP 

P ■+• 7c -f- ct + 1 — x A 

P + Q-h 27c a ~\-b -\-l A-f-P 

Similarly, 

J?+7c' + b+x' __ A 

P : : L>-: - A . + 13 5 


f i _j_ 7c — I - a — j— l — a? | / -i _ 27c -f- ci -f- 6 ] 
l + P J l P+Q-M J 

f 1 i & + &+#! f i _ + 

1 + " Pit p+a +t j 5 

I .7c-\-a-\-l — x 7e-\- ^(a 6) 

1-f p p 


1 7c -f* b -}- x 7c ~h 2 (# -p 6) 

i -t- p p - - » 


. • . a — b = x -f x' — 10000. 


^ variety of experiments were made with the coils arranged sometimes in 
»ne way, sometimes in the other, and closely agreeing values of a — b were 
ound varying from 52 to 58. 


Correction for want of Symmetry . 

Referring back to fig. 4, we Bee that in the arrangement for multiplc- 
rc experiments the connexions are not quite symmetrical. The copper bows 
rere all nearly of the same length and thickness : let the resistance of one 
f them bo 26. Let also the average resistance of a mereury-cup be 2r. 
hen we get for the addition to |(/3-f 

|(26 + 1 Or ) + b -J- r, 

>r the addition to a 26-f 4r. Hence a — + y +3+e) is too great owing 

6 r 

) the connexions by 2 "^2 

Various experiments were made to find the value of 6-fr, and all gave 
i»ry nearly the same result. The following is a specimen : — A copper bow 
?ry slightly longer than those in the connexions w r as inserted by means of 
1 additional mercury-cup, first on the right then on the left of the bridge ; 
le readings were 5032 and 4982, tho difference being 50 ; 

.•.2(6 + r)=50, 


he correction was actually taken to be 10. 

Limits of Temperature Effects. 

The coils were arranged for a multiple-arc experiment ; the balance was 



ON OHM'S LAW. 


40 


taken at 3.25 ; the battery was then thrown in and kept in for about a 
quarter of an hour with the following results : — 


h m 
3 25 
3 35 
3 42 


5007 

5020 

5022 


The reading thereforo increased by 15, the greater part of increase taking 
place in the first 10 minutes. Another series of experiments were made with 
singlo coils against single, as follows : — 


Time of Obs. 

R.M.C. 

B.O. 

LC. 

X. 

D. 



1 

3 

2 

4914 


' These experiments were done as quickly 


2 

H 

n 

5137 

223 

as possible ; the balance, already approxi- 


2 

2 

1 

522ft 


mately known, was found by throe or four 


1 



5008 

218 

instantaneous contacts, so that the coils 







were as little heated as possible. 

The battery was thrown 

in at 12.3ft and kept in, the coils being as in last experiment. 

At 12.3ft... 

1 

2 

1 

5008 

218 

The idea was to get 2 heated and then 

12.41 f 

1 

,, 


5013 


compare it again with 3, which had been 

to 12.44 1 

2 



5224 

211 

very little if at all heated. 

12 5ft 1 

1 



5018 



to 1.00 \ 

2 



5223 

205 


1.3 ... 

1 

3 

2 

4920 




2 

M 

9 9 

5X38 

209 


18 .. 

1 

5 

4 

503ft 

209 

Two fresh coils were taken, the middle 

1.25... 


, 


503ft 


coils being as before at difference 209. 

1.30... 

2 

” 

” 

5234 

198 


Crossed connexions 

4818 


| Bridge correction 52. 


Iteducing these experiments by the formula given above we get 


D 

x. 

I) —52 
2(ar-5000). 


Time. 

223 1 

4914 

- 1 

/3-y 

12.30 

218 

5008 

+182 

a- (3 

12 3ft 

211 ! 

5013 

+ 185 


12.41 

205 

5018 

+ 189 


12.5ft 

209 

4929 

+ 15 

/3-y 

1.3 

209 

503ft 

+229 

i —6 

1.8 

198 

503ft 

+218 

— C 

1.30 


Several important inferences may be drawn from these experiments. 

1 . The difference of resistance between the middle coils decreases as the 
temperature increases, and that so regularly, that the value of D may be used 
as a sort of thermometer, indicating how nearly these coils are kept at the 
same temperaturo during any series of experiments. This fact shows the 
propriety of using the appropriate value of D for each case in our reducing 
formula instead of the average value. 

2. The coils 4 and 5 possess the same property, though in a loss degree. 

3. The coils 1 and 2 possess this property to a very slight extent. 

4. The greatest effect that could be produced in a reasonable time on the 




46 report — 1876. 

difference between 2 and 3, by heating 2 and comparing it with 3 scarcely 
heated, if at all, was 16. 

The above peculiarities suggested to me to make a set of experiments on 
the plan of keeping the current going as much as possible. It was hoped 
that thus a certain limiting state, as regards temperature, would bo arrived 
at, which from the construction of the coils would in a great measure be 
independent of small variations of temperature in the experimenting-room *. 

This method of proceeding would not introduce any error in the com- 
parison of single coil with single, and the error introduced into multiple-arc 
experiments would be regular and could be allowed for. The last of the sets 
of experiments given below was conducted on this plan with satisfactory 
results. 


Tabular Scheme of best Experiments. 


Single Coil’with'Single. 

Multip] 

. 

o 

o 



R.M.C. 

R.C. 

L.O. 

X. 

D. 

R.M.C. 

Single 

O. 

X. 

D. 


2 

2 

1 

5234 






Starting fresh and work- 

1 

»» 

m 

5022 

212 





ing quickly. 

1 

3 

2 

4921 






2 


f) 

5135 

214 






2 

4 

3 

5074 







1 



4802 

212 






1 

5 

4 

5040 







2 

u 

99 

6255 

209 






2 

1 

5 

4973 







1 

» 

99 

4700 

213 






2 

2 

1 

5228 


1 

1 

5000 


The multiple-arc experi- 

1 


,, 

5011 

217 

2 

n 

5223 

223 

ments were started fresh ; 

1 

1 

5 

4708 


2 

5 

5035 


battery reversed, but no dif- 

2 


>y 

4982 

214 

1 

fy 

4810 

225 

forence found. The single- 

2 

5 

4 

5250 


1 

4 

4900 


coil experiments followed 

1 



5039 

211 

2 

,, 

5180 

220 

some little time after, some 

1 

4 

3 

4801 


2 

3 

5100 


experiments with cups and 

2 

t 

>» 

5078 

217 

1 


4891 

215 

bows having been made in 

2 

3 

2 

5140 


1 

2 

4892 


the interval. 

1 

” 

» 

4925 

215 

2 

” 

5110 

218 

. 


2 

2 

1 

5228 


1 

1 

5024 

1 

These experiments were 

1 

1 

>> 

5028 

200 

2 

„ 

5227 

203 

worked slowly, the current 

1 

5 

4771 


2 

5 

5032 


being kept -on as much as 

2 

5 


4972 

201 

1 

,, 

4825 

207 

possible. The single-coil ex- 

2 

4 

5238 


1 

4 

4903 


periments came first. The 

1 

99 

*9 

5038 

200 

2 

tf 

5170 

207 

last line gives a control ex- 

1 

4 

3 

4801 


2 

3 

5089 


periment. Tlie correction 

2 

>» 

if 

5067 

206 

1 

„ 

4884 

205 

for magnetic field was for- 

2 

3 

2 

5143 


1 

2 

4905 


gotten in tlio multiple-arc 

1 

>* 

>» 

4935 

208 

2 

” 

5108 

203 

experiments, and in conse- 
quence 4 must be added to x 










1 

2 

1 

5024 


j 2 

1 

5228 


throughout in the second set. 


* No special means of keeping the double and quintuple coils at a constant temperature 
was resorted to. The object was not to find the resistances of the coils at any definite 
temperature, but to compare them under the same circumstances as regards temperature. 
It was therefore thought that any attempt to surround the coils with water, &c. would 

r- would arise from small variations of temperature in the room 

during the experiment. 
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Reduction and Comparison of the foregoing Experiments. 


D. 

X. 

D— 58 
+ 

2(^-6000). 


D. 

X. 

D— 58— 10 
+2(#— 5000) 

Calc. 

Diff. 

Obs. 

Calc. 


i- 

(212 

214 

212 

209 

[2V6 

5022 

4921 

4862 

5046 

4760 

+198 
- 2 
-112 
+243 
-325 

198 

196 

84 

327, 

i 

5000 

4892 

4891 

4900 

4810 

+ 105 
- 00 
- 09 
+ 72 
-223 

+ 184 

- 42 

- 51 
+ 98 
-191 

- 29 

- 24 

- 18 
- 20 
- 32 

The third column gives 
the values of a— 0, 
(3—y,y — d,d—c,e-~a ; 
the fourth the values 
of a — [3, a — y, a — d, 
a—e, calculated from 
these. 




+ 2 

+ 181 
+ 7 
-119 
+231 
-308 

2- 

(217 

215 

217 

211 

^214 

5011 

4925 

4801 

5039 

4768 

181 

188 

09 

300 

223 

218 

215 

220 

225 

The seventh and eighth 
columns give the values 
of a-£(/3+y+tf+f), 
id — 4-y + o+e), &c. 
observed m multiple- 
arc experiments, and 
calculated from the 
■values of a— /3, a — y, 
&c. boforo found. 



- 8 




-131 


-129 


(200 

5028 

+204 

204 

203 

5028 

+ 197 

+217 

- 20 

The last column gives 


208 

4935 

+ 20 

230 

203 

4909 

- 41 

- 38 

- 3 

the excess of the ob- 


200 

4861 

-124 

too 

205 

4888 

- 81 

- 70 

- 11 

served over the calcu- 


2()0 

5038 

+224 

330 

207 

4907 

+ 79 

+ 85 

- 0 

lated values of 


[ 201 

4771 

-309 


209 

4829j 

-197 

-195 

- 2 

rt-i(/3+y+£+e),&e. 



+ 21 


j 

■ 

- 43 


- 42 



Is.B. — In the last set of experiments 62 was used instead of 58 as the bridge correction. 


The first thing to remark is the smallness of the sums of « — /3, /3 — y, 
y — d — €, € — ct, as found from singlc-coil experiments; the sum is theoreti- 
cally zero, and the largest deviation is about 20, which divided by 5 gives 
only 4 for the average error of a determination. Hero no error from want 
of symmetry comes in, and errors from irregular temperature effects very 
nearly balance each other. 

In the next place, taking the multiple-arc experiments of scries No. 2, we 
see that there is a deviation of the observed from the calculated values of 
|((3 + y + 34-e) which averages 26; and here, from the way the experi- 
ments were conducted, the temperature disturbances are probably very small. 
Again, tako the multiple-arc experiments of series No. 3. Here, from the 
mannor of experimenting, the temperature effects will appear. We found that 
the greatest effect we could produce on one of the coils in a reasonable time 
was about 15 ; supposing that the whole of this was manifested in the 
single coil, we should get a quarter as much in each of the coils in the 
multiple arc (because the current is halved), that is, we have £ of 15 alto- 
gether in a — <i(/3-fy-f 3 + e) ; this necessitates a correction of about 10 to 
be subtracted from the observed values. This is clearly the maximum 
correction, for after the first experiment we turn into the multiple-arc coils 
that have already been fully heated. Supposing, however, that we apply 
the full correction in each case, we get for the average difference —18. 

This deviation is in the direction indicated by Schusters experiments, but 
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it is excessively small : suppose we call it —20 for convenience of calculation 
this corresponds to the fraction of 30 ohms. 

But the whole deviation is probably introduced by some slight defect in 
the apparatus, and part at least can be accounted for ; for it occurred to me, 
in looking over the results quoted above, that a dofect ill tho insulation at 
the divided cup would partly account for such a deviation. Suppose that 
the divided cup offered a very large, hut not infinite, resistance / to the 
passage of the current, then the single coil in multiple-arc experiments would 


he replaced by a multiple arc of resistance It 1 , where 


Henco 


&* = SO- 


SO 2 

/' 


Now let us find what / must be to give a decrease of 20 in our observed 
value of a — |(/3 + y + £ -f- 0 i 


30 2 _ 20_ 

f ioooo' 0/£> 
/= 0,000,000 


that is ,/==6 megohms. Curiously euough, when I proceeded to measure the 
insulation resistance of the divided cup it came out very nearly 6 megohms ; 
but the insulation resistance between any two of the remaining cups was 
found to be about 12 megohms, which reduces tho correction somewhat. The 
complete solution of the problem would be complicated ; but wc may approxi- 
mate by e •n-idiMimr each of the coils in the multiple arc replaced by a 
multiple arc whose arms are 30 ohms and 12 meghoins respectively ; this 
requires that /3, y, 3, e should each be reduced by 10. Hence the whole reduc- 
tion in a — y-f 2-fe) would be on this supposition 10. It would really 
be somewhat less ; however, this would almost bring the deviation between 
observation and calculation within the limits of experimental error. Any 
remaining difference is probably due to a defect in some mcrcury-cup in the 
multiple arc, for there being more there than on tho other side of the balanco 
the chance, of a delect is greater. 

It ought to be mentioned that tho insulation of the quintuple coil was 
tested, and found in every case to be of a higher order of magnitude than a 
megohm. 

Some time after tho scries of experiments just described, I dismounted the 
mercury-cups from tho stand, which had meantime been carefully dried on 
the hot-water pipes in the laboratory. Each cup was remounted with a 
piece of gutta perclia between it and the board ; and the divided cup, which 
was found radically defective, was replaced by two mercury-cups on separate 
pieces of insulating material. The insulation between every pair of cups was 
then tested afresh and found in every case of a higher order than a megohm. 

The experiments were then repeated with the altered stand. The sensi- 
bility of the arrangement was about the same as before, although a less 
electromotive force was used (10 cells). The results were much the same 
as before, except that the sum of the values of a— !(/3 + y-f-£ + e), &c. was 
now much smaller, two experiments giving —31 and —34. Dividing this 
by 5, we get — G for the average deviation, which is very small. The fact 
that we still get a result in the same direction shows that this is not an 
accidental error ; but it might very well be accounted for by some of tho 
suppositions mentioned already. It might also arise from over-correction for 
symmetry. 
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On the whole, therefore, we cannot conclude that there was any deviation 
from Ohm’s law under the circumstances of this experiment. It is hardly 
worth while to estimate the value of this experiment quantitatively, as the 
second experiment now to bo described is so far superior in this respect. 

Second Experiment. 

Introduction , by Prof. Maxwell. 

^ The service rendered to electrical science by Dr. G. S. Ohm can only bo 
rightly estimated when we compare the language of those writers on electri- 
city who were ignorant of Ohm’s law with that of those who have understood 
and adopted it. 

By the former, electric currents are said to vary as regards both their 
“ quantity ” and their “ intensity,” two qualities the nature of which was 
very imperfecly explained by tedious and vague expositions. 

In the writings of the latter, after the elementary terms “ Electromotive 
Force,” “ Strength of Current,” and a Electric Resistance ” have been defined, 
the whole doctrine of currents becomes distinct and plain. 

Ohm’s law may be stated thus : — 

The electromotive force which must act on a homogeneous conductor in 
order to maintain a given steady current through it, is numerically equal to 
the product of the resistance of the conductor into the strength of the current 
through it. If, therefore, we define the resistance of a conductor as the 
ratio of the numerical value of the electromotive force to the numerical 
value of the strength of the current, Ohm’s law asserts that this ratio, is 
constant — that is, that its value does not depend on that of the electro- 
motive force or of the current. 

The resistance, as thus defined, depends on the nature and form of the 
conductor, and on its physical condition as regards temperature, strain, &e. ; 
but if Ohm’s law is true, it docs not depend on the strength of the current. 

Ohtn’s law must, at least at present, be considered a purely empirical 
one. No attempt to deduce it from pure dynamical principles has as yet 
been successful; indeed Weber’s latest theoretical investigations* on this 
subject have led him to suspect that Ohm’s law is not true, but that, as the 
electromotive force increases without limit, the current increases slower and 
slower, so that the “ resistance,” as defined by Ohm's law, would increase 
with the electromotive force. On the other hand, Schuster + has described 
experiments which lead him to suspect a deviation from Ohm’s law, but in 
the opposite direction, the resistance being smaller for great currents than 
for small ones: 

Lorentz J, of Leyden, has also proposed a theory according to which Ohm’s 
law would cease to be true for rapidly varying currents. The rapidity of 
variation, however, which, as he supposes, would cause a perceptible deviation 
from Ohm’s law, must be comparable with the rate of vibration of light, so 
that it would bo impossible by any experiments other than optical ones to 
test this theory. 

The conduction of electricity through a resisting medium is a process in 
which part of the energy of an electric current, flowing in a definite direc- 
tion, is spent in imparting to the molecules of the medium that irregular 
agitation which we call heat. To calculate from any hypothesis as to the 
molecular constitution of the medium at what rate the energy of a given 

# Pogg. Ann. 1875. *1 Report of British Association, 1874. 

t Over do Terugkaateing en Breking van hot Licht. Leiden, 1875. # 

1876. e 



50 


BEPOB1V— 1876. 


current would be spent in this way, would require a far more perfect know- 
ledge of the dynamical theory of bodies than we at present possess. It is 
only by experiment that we can ascertain the laws of processes of which we 
do not understand the dynamical theory. 

We therefore define, as the resistance of a conductor, the ratio of the 
numerical value of the electromotive force to that of the strength of the 
current, and we have to determine by experiment the conditions which affect 
the value of this ratio. 

Thus if E denotes the electromotive force acting from one electrode of the 
conductor to the other, C the strength of the current flowing through the 
conductor, and E the resistance of the current, we have by definition 



and if H is the heat generated in the time t, and if J is the dynamical equi- 
valent of heat, we have by the principle of conservation of energy 

JH=EC<=RC 2 *=-j£- 1 . 

The quantity E, which wo have defined as the resistance of the conductor, 
can he determined only by experiment. Its value may therefore, for any 
thing we know, he affected by each and all of the physical conditions to 
which the conductor may be subjected. 

Thus we know that the resistance is altered by a change of the temperature 
of the conductor, and also by mechanical strain and by magnetization. 

The question which is now before us is whether the current itself is or is 
not one of the physical conditions which may affect the value of the resist- 
ance ; and this question we cannot decide except by experiment. 

Let us therefore assume that the resistance of a given conductor at a 
given temperature is a function of the strength of the current. Since the 
resistance of a conductor is the same for the same current in whichever 
direction the current flows, the expression for the resistance can contain 
only even powers of the current. 

Let ns suppose, therefore, that the resistance of a conductor of unit 
length and unit section is 

r (1 + sc 2 + s'c 4 &c.), 

where r is the resistance corresponding to an infinitely small current, and 
c is the current through unit of section, and s, s’ &c. are small coefficients to be 
determined by experiment. The coefficients s, s' &c. represent the devia- 
tions from Ohm’s law. If Ohm’s law is accurate, these coefficients are zero ; 
also if e is the electromotive force acting on this conductor, 

e= rc{l + sc 3 -j- s'c A 4- &c.). 

Now let us consider another conductor of the same substance whose length 
is L and whose section is A ; then if E is the electromotive force on this con- 
ductor, and e that on unit of length, 

E = L*. 

Also if C be the current through the conductor and c that through unit of 
area, 

C«A^ 
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Hence the resistance of this conductor will be 


E Lrf 
l ~C~ A V 


1 . sC 2 s'C* , - \ 

1+ A*- + T~ + M 


Xcnr let ns suppose two conductors of the same material but of different 
dimensions arranged in series and the same current passed through both : 

L.r / sC 2 \ 

-p L 2 r ( sC 2 \ 

a7( 1+ a^ +& c< ) 

where the suffixes indicate to which conductor the quantities belong. Tho 
ratio of the resistances is 


Ilenco if Ohm’s law is not trno, and if, therefore, any of the quantities s, s', 
&c. have sensible values, tho ratio of tho resistances will depend on the 
strength of the current. 

Now the ratio of two resistances may be measurod with great accuracy 
by means of Wheatstone’s bridge. 

We therefore arrange the bridge so that one branch of the current passes 
first through a very fine wire a few centimetres long, and then through a 
much longer and thicker wire of about the same resistance. The other 
branch of the current passes through two resistances, equal to each other, 
but much greater than the other two, so that very little of the heating-effect 
of the current is produced in these auxiliary resistances. 

The bridge is formed by connecting the electrodes of a galvanometer, one 
to the junction of the fine wire and tho thick one, and the other to a point 
between the other two resistances. 

We have thus a method of testing the ratio of the resistances of the fine wire 
to that of the thick one ; and by passing through the bridge sometimes a feeble 
current and sometimes a powerful one, we might ascertain if the ratio differed 
in the two cases. 

But this direct method is rendered useless by tbe fact that the current 
gonerates heat, which raises the temperature of both wires, but that of the 
thin wire most rapidly ; and this makes it impossible to compare the effects 
of strong and* weak currents through a conductor at one and the same 
temperature. 

It is also useless to work with weak currents, as tho effect depends on 
the square of tho current, and is so small as to have escaped observation in 
all ordinary experiments. 

Again, if we were to use a single very strong current acting for a very short 
time, we should not be able to observe the gJ\:ino:r.i vr in a satisfactory 
manner. In fact it was found in the experiment that currents which lasted 
for a sixtieth part of a second produced a heating-effect which interfered 
with the measurements. The experiment was therefore arranged so that a 
strong current and a weak one were passed through tho bridge alternately ; 
and when the bridge was so arranged that the galvanometer was in equili- 
brium, the direction of the weaker current was reversed. If Ohm’s law were 
not true, the condition of equilibrium for strong currents would be different 
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from that for weaker ones, so that when the weak currents were reversed 
there would be no longer equilibrium. Since, in point of fact, the reversal 
of the weaker currents did not affect the equilibrium, it follows that the 
bridge was in equilibrium for the weaker currents as well as for the stronger 
ones, and therefore the conditions were the same for both, and Ohm’s law 
is true to within the limits of error of the experiment. The mode in 
which the actual strength of the currents was measured and the limits of 
error ascertained, are described in the following Report by Mr. Chrystal. 


Report on the Second Experiment. By G. Chrystal. 

As has been pointed out by Professor Maxwell, the change in the specific 
resistance of a linear conductor, if there bo any such change owing to increase 
or decrease of the current, will depend on the amount of current that passes 
through unit of area of its section ; so that if C be the whole current passing, 
r the specific resistance for infinitely small current, l the length, w the section, 
and h a constant depending on the nature of the conductor, then the resis- 
tances of the conductor will be 



or if R be the resistance for infinitely small currents, It 



It is clear, therefore, that by making up a resistance of very fine wire, say 
of an inch in diameter, any such effect as that we have been looking for 
would be greatly multiplied. Accordingly the following experiment, the 
principle of which is duo to Professor Maxwell, was undertaken by the writer 
of this Report, 

The figure represents a "Wheatstones bridge, in which the resistances AB 
and BD are each equal to a (in the actual 
experiment 30 ohms), AC a resistance made 
up of a thin wire whose resistance for in- 
finitely small currents is It (this we suppose 
to bo duly corrected for temperature, as will 
be explained hy-and-by), and partly of a 
length of the thick platinum-iridium wire 
of the B.A. bridge, whose resistance is x. 

CD consists of a resistance composed of thick 
wire equal to R, and of the rest of the 
bridge-wire, whose resistance is l — x. 

With a current C, w being the section of 
fine wire, its resistance is = R(1 — pC a ), 
where 

h 

2R « _ . 

If be the approximate resistance of the whole bridge (we suppose 

that there is nearly a balance), B that of the battery circuit; then E being 
the electromotive force of the battery, 


Pig. 5. 


33 



C = 


p_ E 

B-j-p 2R 


=PE. 


* The sign of h is chosen according to Schuster’s suggestion. 
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Then A denoting tho determinant of the system of resistances (see Max- 
well’s i Electricity/ vol. i. p. 399), wo have g denoting the current in the 
galvanometer, 

E*} (1) 

From (1) it follows at once that tho greater E, tho further to the right tho 
balance will bo, provided g is >0. 

Let us now, instead of keeping up an elcctromotivo force E constantly, make 
an alternation some hundred times a second between an electromotive forco 
E and an electromotive force v/E *; then .^opposing each to operate for an equal 
time, tho whole current through the galvanometer is given by 

0=2^ l ~ 2 ' e )(l +y)E +B / ,FE>(1 +y*)} (2) 

if tho electromotive force has in both cases tho same direction, and by 

^=~{0-2^)(l-y)E+lvr 2 E 3 (l-y 3 )} (3) 

if the directions are opposito. 

It appears, therefore, as was obvious without calculation, that the values 
of x which give a balance are neither the same in the two cases (2) and (3), 
nor equal to that in the case of either electromotive force acting continuously. 
In fact the balance is an apparent one if p bo >0, due to the fact that wo 
are in case (2) as much under the balance for the larger electromotive forco 
(qud effect on the galvanometer) as we are over that for the smaller, so that 
the needle is kicked equally this way and that so rapidly that it remains still. 
Similar reasoning would show that the balance for case (3) lies most to the 
right of all. In fact the values of x are : — 

Smaller electromotive forco alone x = 

Case (2) # 0 = 

Larger olcctromotivo force alone x = ^{Z-j-R^P^E 2 }, 

Case (3) 0 = j{Z+fyP\l+y+jf)E*}, 

which are evidently in ascending order if y bo < I. 

Suppose now we find the balance for case (2) and then reverse our smaller 
electromotive force ; the balance being thus disturbed, there will be a current 
through the galvanometer ; and in order to experiment at the greatest advan- 
tage this must be made a maximum. 

Substituting the second of the above values of x in formula (3), we get 


y=-K ; ,r i- 


(4) 


which is a maximum as far as y is concerned when y=b the value of g 
being then 

«ltP*E 3 

0 “/*— ( 5 ) 


Tho advantage of this method of experimenting is that it eliminates to a great 
extent the temperature effect, which is similar to the effect we are looking 
for, except that it depends on the time, which the other probably would not 


* N.B. In what follows y is supposed < 1. 
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do ; and it is of course opposite in direction. If we make our alternations 
quick enough the wire will not cool sensibly during the smaller current, nor 
heat sensibly during the larger, but will settle down to a mean temperature 
between that due to the larger and smaller currents. 

In the above calculation we have supposed the resistance of the fine wire 
for infinitely small currents to be that corresponding to this mean tempera- 
ture, which will be constant throughout the experiment provided the electro- 
motive forces do not vary. 

If, however, the alternations are not quick enough to ensure temperature- 
equilibrium, then the thin wire will be hotter during the passage of the larger 
current than it is during that of the smaller ; and there will be an effect 
opposite to that we are looking for, a result which appoarcd in many of tho 
experiments. 

' The experiment proved very difficult in practice, chiefly owing to tho diffi- 
culty experienced in getting a good alternator; and it was only after a great 
many total or partial failures that any thing like success was attained, A 
sketch of the progress of the experiment, with an account of the more im- 
portant difficulties, and how they were finally avoided or overcome, may be of 
some interest. 

In the first place the galvanometer indications in a Wheatstone's bridge, 
arranged as above described, are somewhat peculiar. 

Suppose we are somewhere near a balance for some temperature of the 
thin wire above that of the room ; then on turning on the current there is a 
sharp kick in one direction, say to the right, then a slower but still tolerably 
quick swing over to the left, and then a gradual subsidence back to zero or 
thereabouts, which may last for half an hour or longer. If this were due 
solely to variation in the resistance of the thin wire the curve of time-resis- 
tance would be of this nature — 


Eig. 6. 



It had been found that the thin wire was very sensitive to air-currents, 
merely blowing towards it from a considerable distance sending the spot off 
the galvanometer-scale ; in fact to get any approach to steadiness the wire 
had to be enclosed in a box, and latterly it was enclosed in a narrow tube, 
and that again loosely rolled in a silk pocket-handkerchief, and the whole 
enclosed in a box. It was therefore at first suspected that the peculiarity in 
question was due to air- currents ; hut some experiments with the wire in an 
exhausted tube showed that it was due to some other cause. This cause was 
found in the slow heating of the thick wire against which the thin wire was 
balanced; and some obvious experiments were made confirming this con- 
clusion*. 

* The behaviour of the galvanometer is therefore explained in this way The first sharp 
short kick is due to the fact that before the thin wire is heated its resistance is much smaller 
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This slow variation of the balance was sometimes avoided by letting the 
batteries work until it had died away, and sometimes it was allowed for by 
suitably arranging the order of experiment. 

As it was of considerable importance to have a battery which could be 
relied on for constancy for some time, six large Daniells were charged for 
the purpose. They were cells intended for a Thomson’s battery, but were 
fitted up for convenience with copper plates 18 inches square, upon whioh 
was strewed sulphate of copper, which again was covered with a thin layer 
of sawdust moistened with zinc sulphate, and on the top of this was placed a 
heavy grating of zinc. Two piles were made consisting respectively of four 
and two of these elements, and were used in most of the experiments. The 
internal resistance of these piles ran to about 4 and 3 ohms respectively. The 
electromotive force was repeatedly tested during the experiments. 

At first a “ Morse key ” worked rapidly by the hand was tried for an alter- 
nator; this method, though leading to no definite results, seemed to show 
the possibility of success. Then a rotating alternator driven by hand was 
tried ; but it was found that the results though much better were still very 
much disturbed by the irregularities of the driving. Next a rotating alter- 
nator was made by Mr. Garnett and fitted to a JenkinB governor ; this also 
after repeated trials was given up, the main difficulty being that of getting up 
sufficient speed without introducing so much resistance as to go beyond the 
range of the governor. Some of the results got with this arrangement were 
fairly good, however, and will be given below. In the arrangement adopted 
in tho final experiments the alternation was managed by means of a pair of 
olectric tuning-forks. Tor the use of theso during tho Lent term I am in- 
debted to the kindness of Dr. Michael Poster. 


Final Arrangement . 

Pig. 7, p. 56, gives a scheme of the final arrangement. AB is the 
bridge already mentioned in the Report. EGC is the galvanometer circuit. 
Between D and E and E and P are inserted two resistances of 30 ohms 
each ; W is the fine wire, II a coil of thick Germ an -silver wire of resistance 
nearly equal to that of the fine wire, K a small resistance-box from which 
twentieths could bo got, the final adjustment being of course made by moving 
the block C. D is connected with the stem of the tuning-fork P(J, whose 
prongs are each provided with a dipper, and corresponding to the dippers 
are two mercury-cups whose heights are adjustable. M and N are the piles 
of four and two Daniells. 0 is a commutator, by means of which the smaller 
battery can be thrown in either way, or thrown out altogether as desired. 
One terminal of the commutator goes to the cup T, the other to P. The other 
cup, S, is connected with one pole of the larger battery, the other pole of 
which is connected with P through a key, L, by opening or closing which the 
battery M may be thrown out or in at pleasure. The rest of the figure re- 
presents an auxiliary battery, U, whose circuit goes through another fork,YW, 
working a break at W, and through the electromagnets of the forks YW 

and PQ. This latter battery and fork therefore simply drive the fork PQ. 

# 


than that corresponding to a balance ; the quick swing in the opposite direction is due to 
the sudden rise of temperature causing a corresponding increase of resistance; the slow 
return movement is due to the increase of the balancing resistance owing to the gradual 
development of heat in the thick wire. 
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Fig. 7. 



The action of PQ is obvious. When the prongs approach each other the 
upper dipper is depressed in to the mercury in 8, while the lower dipper is 
raised out of the mercury in T, so that the current of the larger battery 
passes, and vice versd when the prongs separate ; and it is easy enough by 
throwing a galvanometer in instead of one of the batteries, and then setting 
the fork going with the other on, to adjust the break in such a way that thero 
is perfect independence between the two currents. This test was in fact ac- 
tually applied either at the beginning or end of each set of experiments. We 
have thus alternately sent through the bridge certain definite fractions of 
the whole current due to the large and small batteries. What fractions these 
are will depend on the nicety with which the break is adjusted (with perfect 
adjustment it would be one half of each), and also on the state of the mercury 
surfaces and of the dippers. As may be imagined, the main difficulty of the 
experiment lay in getting the dippers to ’Work properly. Several sorts were 
tried; plain copper amalgamated was found to act fairly well, but broad 
spade-shaped pieces of platinum-foil answered on tho whole best. The sur- 
face of the mercury was covered with spirit, which is effectual so far in pre- 
venting the spoiling of the surface ; but ultimately the cups get clogged with 
finely divided mercury, and then all regular action is at an end. It was 
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found, however, that with some care the break could be got to work long 
enough to allow of good results being obtained. 

On account of this gradual alteration of the break, and for other reasons 
as well, it was of vital importance to be able during the experiment to obtain 
some measure of the amount of current that passed as representative of the 
large and small current respectively ; for the experiment would obviously be 
nugatory if, instead of the smaller current being nearly half the larger, 
it became, owing to deterioration of contact in the cup S, equal to what ought 
to be the larger current. To provide'for this the experiments were conducted 
as follows : — The balance was found, whether for larger currents alono or 
smaller alone (acting directly or with the fork going), or for both together 
in the same or in opposite directions ; then the block was moved as quickly 
as possible 6 centims. from the position of balance, and the deflection which 
then appeared was read off ; this deflection is approximately proportional to 
the current. Knowing then the electromotive force of either battery and its 
internal resistance, one could not only tell whether the currents were passing 
nearly in the right proportion, but also estimate roughly how much current 
absolutely passed in each case. In some of the best experiments a more ac- 
curate method was adopted : — The point I) was “put to earth,” and the point 
E connected by means of a long insulated wire with one pair of the quadrants 
of a Thomson’s electrometer in the flat of the laboratory below the room where 
the experiment was carried on; the other pair of quadrants being “put to 
earth , : 99 the deflection observed on the electrometer-scale was a direct measure 
of the electromotive force between D and E — that is, of the quantity denoted 


above by 



Before giving the quantitative results obtained from the most satisfactory 
experiments, it may be well to explain the principle on which these have been 
selected from the others. In all the experiments quoted there was cither 
something remarkable, such as a high battery power, &c., or else the balances 
were obtained under very favourable circumstances, the spot of light being 
very steady, and the proportions of current passing, as indicated by the 
sensibilities* or olectromctcr measurements, being near the theoretically best 
amounts. Often where the breaks wore not working satisfactorily, by work- 
ing quickly a qualitative experiment could be made, the behaviour of the 
galvanometer indicating to an observer practised in the experiment that the 
proportions of current passing were not far wrong; and often part of an 
experiment could be made perfectly satisfactorily, and then the apparatus 
would go out of order. But in all the experiments, whenever the results were 
at all intelligible (regular), the conclusion pointed to never differed from that 
givon by the best experiments, viz. either tho balance for the currents in 
opposite direction lay more to the left than that for the currents in the same 
direction, or the two coincided. Of this tho observer spared no trouble in 
assuring himself even in experiments that were quantitatively utterly value- 
less. 


The first set of experiments quoted, which are not of much value quan- 
titatively, may serve to illustrate what has just been said. In this set the 
time is given because the experiments "were made during tho slow heating - 
effect already alluded to. The spot of light was not perfectly steady, though 
much steadier for the q — balances than for the others; the 1 ■dt , .:r 

is given to tenths of a millimetre, though of course in the present case for 


* The deflection due to six centimetres deviation from balance is called the sensibility. 
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the + 4* balances accuracy to less than a millimetre was not attained. The 
alternator was the rotating piece made by Mr. Garnett, driven by the 
governor, which, judging by the regularity and smallness of the oscillations 
of its brake- wheel, went very uniformly during the whole experiment. The 
rate of revolution was about three turns (causing as many alternations) 

per second. The sensibilities for + 4- and -| were respectively about 150 

and 45 during the experiment, so that the large and small currents would be 
proportional to about 97 and 52 respectively. The fine wire was a small 
length of German-silver wire in.' in diameter, whose resistance was 
about 7*3 ohms ; and the counter-balancing resistance was 7*3 ohms, taken 
entirely from the small resistance-box. Tho governor being started, tho 
batteries were set on at 4.6. 


Time. 

Large Battery. 

Small Battery. 

Bridge. 

4.15 

+ 


5880 

.17 

4- 

4- 

5980 

.18 

4- 

— 

5805 

.23 

4- 

4- 

5770 

.25 

+ 

— 

5518 

.47 

4- 

— 

6012 

.49 

+ 

+ 

6785 

.51 

4- 

4- 

7032 

.52 

4- 

— 

6478 

.55 

4- 

4- 

0)820 

.57 

4- 

— 

6418 

5.00 

4* 

+ 

(5605 

5.10 

4- 

— 

6308 


It will be seen that with some little irregularity the balance on the whole 
went steadily to the right during some three quarters of an hour. In one 

point all the observations agree, viz. that the 4 balance is more to the 

left by 1 to 3 centimetres than tho -}- -f for the corresponding time. If AR 
be the amount by which the average resistance is less for the smaller than 
for the larger current, then taking 250 as the difference between the balances, 
we get easily, from the formulae given above (our unit of resistance being 
the resistance of ^ millim. of the bridge- wire, i. e. * ohm), 

250 

AR = '-jj- = 500 (taking y = |). 

Now the variation in resistance of German silver being about *044 percent, 
per deg. Cent., we get for 1° C. on 7*3 ohms a variation of about 430 in our 
present units. Hence the average temperature of the thin wire was some- 
thing over 1° C. less during the smaller than during the larger current. 
Neither the : i 1 of the cooling effect nor the irregularities in tho 
progression of the balance in this experiment is to be wondered at, since 
we know that air-currents have a very powerful effect in cooling the thin 
wire ; and here the wire was merely enclosed in a box to protect it from air- 
gusts, but was otherwise unprotected. We ought therefore to expect very 
little of this effect in most of tho following experiments, where the alterna- 
tions were 20 times as fast, ahd where the wire was enclosed in a narrow 
tube protected from temperature variations. 

In the experiment next quoted, the alternations were made by means of 
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the tuning-forks, and were at the rate of 60 per second. The resistance of 
the thin wire was very nearly the same, and it was enclosed in a narrow tube. 
The four Daniells had run down a good deal, being not quite equivalent to 
three, and the two had varied in proportion. The resistance which balanced 
the wire was, exclusive of the bridge-wire, 7 ’25 ohms. 


Large Battery. 

Small Battery. 

Bridge. 

Sensibility. 

+ 

+ 

5140 


4 

— 

A little to left. 


+ 

-f 

4830 


4- 


No difference. 


+ 

4- 

1 

95 

+ 

— 

... 

45 

■f 



70 


4- | 


20 


It will be seen that the effect that was so conspicuous in the first experi- 
ment scarcely appears here at all. It was in fact so small that its appearance 
might be duo to progress of the balance in the interval between the five 
observations. 

In the next experiment the wire had a resistance of about 4*4 ohms ; tho 
material was German silver, and the diameter the same as before. The 
resistance against which it was balanced was a German-silver wire of about 
*12 centim. diameter, wound on a bobbin, the resistance of which was 4*45 
ohms. Tho Daniells had been fresh charged, and wore arranged in piles of 
four and two as usual, the respective internal resistances being about 5 and 3. 
The small resistance-box was on the left with tho thin wire. 


L. B. 

S. B. 

Box. 

Bridge. 

Sensibility. 

+ 

4- 

000 

2165 

165 

+ 


o-oo 

2105 

42 

Hore the dippers were slightly adjusted. 

4- 



0-00 

2330 

53 

+ 

4- 

000 

2330 

170 

+ 


000 

4310 

105 


+ 

005 

5940 

51 


The experiment is marked in the laboratory book as very steady. It will 
be remarked that the sensibilities are large and well proportioned; for "if 
wo had theoretically perfect adjustment, the sum would have been 156 and 
the difference 54, as against 170 and 53. Tho -f -f balance is of courso 
much more delicate than the 4- — ; but even for tho lattor (6 centimetres 
giving, say, 54) we have 8 scale-divisions to a centimetre, so that we may 

rely on our -| balances to about a millimetre. This experiment therefore 

indicates a coincidence of the two balances within *0016 per cent. 

A good many experiments were tried with higher electromotive forces ; but 
though qualitative results of some interest were got, sufficient steadiness could 
not be obtained to make tho results of use quantitatively. In most of these 
the thin wire was over a red heat ; in fact in many of them the experiment 
ended with the melting of the wire. In general there appeared to be a good 
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deal of the effect duo to temperature oscillations already referred to. In one 
experiment in particular in which a Grove’s battery was used, with alterna- 
tions at the rate of only thirty per second, this effect came out very strong, 
the spot swinging off the scale when the smaller battery was reversed. 

“Without dwelling on theso, I proceed to give the results of the final set of 
experiments, which were in every way by far the most satisfactory. 

In the throe following experiments the Danielle were used as before ; the 
alternations were made by means of the tuning-forks at the rate of 60 per 
second. Three wares were experimented on, a platinum, a German-silver, 
and an iron wire. The balancing resistance was the German-silver bobbin 
with small resistance-box, which was on the left, except in the second experi- 
ment, where it was on the right. The electromotive force between D and F 
was now found directly by the electrometer ; as a control the sonsibilities 
arc given as w r ell. Now spade-pointed platinum dippers wxro used, and 
answered admirably during the whole time the experiments w T ere going on. 



L.B. 

S. 13. 

Box. 

‘Bril'! 

Senw- 

if- 

1 Electro- 
meter *. 


(1) Pt wire f 

(roo in diameter, j 
*042 millim.). 1 

+ 

+ 

+ 

4 - 

+ 

2 05 

2 05 

4110 

4110 

05 

175 

134 

304 

250 

no 

| Very steady. 

(2) G. S. wiro f 
( 5*0" o in - diameter, 1 
•051 millim.)* [ 

+ 

+ 

4* 

+ 

+ 

..m 
: : && 

3370 

3370 

65 

160 

133 

375 

257 

118 

j-Vcry steady. 

f 

+ 

+ 

4*25 

2000 

170 

! 308 

) 

(3) Fe wire J 

+ 

— 

4-25 

2000 

62 

159 

1 Perfectly 

(T4 millim. diam,). 1 

+ 



... 


255 

| steady. 

l 


+ 




114 

J 


In the last set of experiments a higher electromotive force was used, viz. 
four cells of Grove and two, every thing elso being as before. The same three 
wires were experimented upon, but with perfect success in tho case of the iron 
wire only. In tho experiments on the other two, although tho electrometer 
readings were very steady and satisfactory, yet a steady balance could not 

be obtained ; still it could be seen that the + -{-and -j balances did not 

differ by much; it seemed that there was, in tho case of the Gcrman-siher 
wiro, a tending towards the effect so often alluded to. 

The following is the experiment with the iron ware : — 



L. B. 

S. B. 

Box 
on left. 

Brill go 

Sensi- 

bilities. 

Electro- 

motor. 


£4) Fe wire 
(T4 millim. 
diameter). 


+ 

+ 

+ 

+ 

+ | 

425 
4*25 ^ 

090 

690 

150 

Off scale 
(*.*.>360). 

307 

895 

591 

271 j 

Perfectly 

steady. 


Using the additional data that tho resistance of the metre of platinum- 
iridium wire on the bridge is *075 ohm, and that Latimer Clark’s Standard 
Cell (1*457 volt) produces a deflection on the electrometer used of about 320 
divisions, we get roughly the following results (e denotes the electromotive 
* Electrometer deflection for Latimer Clark’s Standard = 320. 
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force in volts between D and F, t. e. the E of the formula abovo ; s do- 

notes the radius in centimetres of the fine wire ; the other letters havo the 
same meanings as before) : — 



R. 

e. 

PE. 

y. 

s. 


(1) ... 

241 

Ill 

023 

•44 

0021 

253 

io ,s 

(2) ... 

4 75 

117 

012 

•4G 

•0025 

018 

10 15 

(») - 

0 27 

11G 

214 

•45 

0070 

320 

]()14 

(4) ... 

0 31 

2G9 

4*32 

•4G 

•0070 

GG8 

10 15 


The formula by which the limit to h is calculated is 

, ___ Attt rV 
“ 2/EP 2 E 2 ’ 

where Ax is the difference between -f + and -f — balances (see above). Tn 
tho four experiments discussed, the arrangement was abundantly sufficient 
to indicate a difference of a millimetre, so that Ax is 



ohm ; 


. 7 ^ 75»V 

* * 10 6 y2i (PE) 2 * 


Assuming, then, that the heating- and discussed above may bo 

i" tho result of the experiments is that Ji is certainly less than • 

In other words, if wo have a conductor whose section is a square centimetre, 
and whose resistance for infinitely small currents is an ohm, its resistance 
(provided tho temperature is kept tho same) is not diminished by so much as 

tho jj-p part when a current of a farad per second passes through it. 

With regard to tlio heating- and cooling-effect, it must evidently bo very 
small, since it takes place, if at all, in something like tho rio part of a second. 
It is of course .possible that these alternations were at that particular rate for 
which the two effects would balance each other ; but when wc consider that 
the temperatures of the thin wire were very different in tho different ex- 
periments (notably so in (3) and (4) with the iron wire, where the current 
passing was in one case more than double that iu the other), and that tho 
heating- and cooling-effect must depend on the temperature of tho wire, whilo 
the other is independent of that as well as of the rate of alternation, tho pro- 
bability that any such balancing of the two effects existed at all is reduced to 
almost nothing. Wc may therefore look on this experiment as a verification 
of Ohm’s law to the degree of accuracy indicated above. 


Appendix. 

While thinking how to repeat Dr. Schuster’s experiments as nearly as was 
possihlo without the command of a sine-inductor, the writer of the Report 
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was led to try a third experiment in verification of Ohm’s law. If there be 
a periodic variation of the primary of an induction-coil, the time integral of 
the electromotive force in the secondary through one complete oscillation 
will be zero ; but if the variation consist of a sharp break, although this 
law holds, yet the oscillation in the secondary may be divided into two parts, 
in one of which the maximum intensity is very much greater than in the 
other. If it be true, then, that a more intense current encounters less 
resistance than a less intense current, clearly the law above stated can no 
longer hold ; the law has, in fact, been deduced on the supposition that the 
resistance is independent of the strength of *the current. 

It follows, therefore, that if we send the induction-currents from the 
secondary of an induction-coil, whose primary is made and broken by a tuning- 
fork, through a helix of fine wire to make sure of bringing out the effects we 
are looking for, then the needle of a galvanometer introduced into the 
secondary will bo deflected so as to indicate a current in the direction of the 
current due to breaking the primary. 

Certain anomalous, and at first sight contradictory, results led the writer 
to study the behaviour of a galvanometer under these circumstances. The 
result was the suggestion of a thoory which explained the anomalies com- 
pletely, and indicated the existence of certain other phenomena which were 
afterwards observed. 

The results are, so far as the writer has been able to learn, partly new. 
Although not of sufficient importance in connexion w T ith the present subject 
to require detailed mention here, j r et it was thought best to state the results 
so far as they bear on the question, reserving a detailed account for publica- 
tion elsewhere*. 

It was found that, under the circumstances indicated above, the indication 
of a galvanometer is a function of the ratio of the strengths of the magnetic 
field when there is no current and when the currents are passing, and also 
of the position of equilibrium of the needle when there is no current. 

Theory and observation give alike, among others, the following peculiari- 
ties : — 

1. If the ratio of the magnetic forces due to the currents to that acting 
on the needle when there is no current does not exceed a certain quantity, 
then if the position of rest of axis of the needle is inclined at an angle a ( < 90°) 
to the plane of the coil-windings, the effect of the alternating currents is to 
increase that angle, so that, according as tho needle is deflected one way or 
the other by means of the deflecting magnet, we get opposite effects. 

The effect is zero when a is zero. 

2. If the above-mentioned ratio exceeds a certain value, the position of the 
needle parallel to the winding- ( i . e. for a = 0) becomes unstable, and there now 
appear two positions of equilibrium of equal inclination either way to the 
coU.- windings. Either of these the needle will tako up and keep if brought 
there with sufficiently small velocity. 

The greater the ratio, the more nearly these two positions approach to 
parallelism with the plane of the coil-windings. 

The last-mentioned phenomenon was described long ago by Poggcndorff, 
under the name of “ doppelsinnige Ablenkung,” and was and has been regarded 
apparently as an unstable phenomenon. 

The first-mentioned form of the phenomenon has not, so far as the writer 
knows, been hitherto described anywhere. 

In repeating Dr. Schuster’s experiments by superposing a small current 
* Phil. Mag. [v.] vol. ii, p, 401. 
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of constant direction on the alternating current, the writer has never been 
able to defect any effect that could not be explained by the above results. 
He has not been able to use a sine-inductor as yet, so that a complete disous- 
sion of Dr. Schuster’s results from this point of view has not been possible. 

The strong analogy of the phenomena to those obtained by Dr. Schuster, 
and the fact that it has been found possible to produce the phenomenon in 
three different galvanometers (it is of importance to remark that the needle 
was elongated in all cases where the effect was strong), must, however, be 
regarded as affecting the probability of conclusions drawn from experiments 
of this kind about the truth of Ohm’s law. 


Report of the Committee , consisting of the Rev. H. F. Barnes, H. E. 
Dresser (Secretary), T. Harland, J. E. Harting, T. J. Monk, 
Professor Newton, and the Rev. Canon Tristram, appointed for 
the purpose of int/uiring into the possibility of establishing a if Close 
Time ” for the protection of indigenous animals , and for watching 
Bills introduced into Parliament affecting this subject . 

Yo UR Committee has the pleasure of stating that Mr. Chaplin, M.P. for Mid 
Lincolnshire, lost no time in fulfilling his promise, announced in its last 
Report, and immediately on the meeting of Parliament introduced into the 
House of Commons the Bill for the Preservation of Wild Fowl, which had 
been prepared by your Committee, and has been referred to in its former 
Reports. 

In order to aid Mr. Chaplin’s efforts and to explain the objects of the Bill, 
your Committee in February last issued and extensively circulated the 
following statement : — 

“The Committee deems it expedient to offer a summary of its former 
Reports, and a statement of its present views, in regard to the probability 
of action being taken in Parliament during the ensuing Session for the 
attainment of further protection of birds. 

“ It has long since been stated by the Committee — and the statement is 
beyond contradiction— that the birds which are comprehended under the 
common designation of Wild Fowl have, of all others, with the exception of 
Birds-of-prey, most rapidly diminished in numbers throughout the United 
Kingdom, and it cannot be doubted that tbeir decrease is still going on. 

“ The reasons which hinder the Committee from recommending any legis- 
lative protection to Birds-of-prey are almost too obvious to need explanation. 
The Committee, while believing the existence of such birds in certain 
districts, and in numbers which are not excessive, is beneficial, is aware 
that the contrary opinion is very strongly upheld by a large class of persons, 
and is fully persuaded that were it possible to pass an Act for the protection 
of these birds, its enforcement in a single instance would give the signal for 
an agitation for its repeal, which would seriously damage the cause of bird- 
protection in general. 

“ On the other hand, no charge of injuriousness has ever been brought — 
or, if brought, could possibly be maintained — against Wild Fowl as a whole ; 
while the employment that their capture affords to a considerable portion of 
the population, and their utility as an article of food to almost the whole 
community, render their protection highly desirable from an economical point 
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of view. The notorious and rapid decrease in their numbers is to be ascribed 
to causes that may be classed under two heads: — (1) 1 Indirect’ and (2) 
* Direct/ 

“ (1) The indirect causes of the decrease of Wild Powl are attributable to 
the diminution of their breeding-haunts by draining, the reclamation of 
waste lands, and agricultural improvements generally; and with these it 
Would of course not only be impossible, but manifestly improper, for the 
legislature to interfere, for with them the prosperity of the country at large 
is intimately bound up. So far, then, as regards their effects, the birds must 
take their chance. 

“(2) The direct causes, on the other hand, aro as plainly capable of 
control, for they are attributable to the destruction of the breeding-stock, 
and chiefly by the gun. As soon as birds pair in the spring they lay aside 
much of their habitual caution, and become easy victims to the gunner. 
* Long after the pairing-season has begun our markets arc plentifully stocked 
with Wild Powl of every description ; and it is obvious that every pair of 
birds killed at that time of year signifies the destruction of a whole brood, as 
well as that of its intending parents. 

“ Wild-Powl shooting gives, as has boen above stated, employment to a 
large number of mon, who make a profession of it. These men, however, 
are accustomed to certain restraints in pursuing their vocation. They aro 
all compelled to take out a gun-license, and many of them aro aware that 
they are prohibited from exercising their calling in certain waters and over 
certain lands. The notion of restraint to them is, therefore, not new ; and 
the Committee beiioves that the most intelligent of them would gladly re- 
cognize the propriety of a well-considered and stringont measure, that by 
effectually protecting Wild Powl during the breeding-season would sccuro to 
them a greater abundance at other times of the year. 

“ Tho Wild Powl, for whose protection a more stringent measure is now 
about to be proposed, arc, it is true, already named in the ‘ Wild-Birds Pro- 
tection Act/ but owing to their marketable value being greatly in excess of 
tho penalties which that Act prescribes — very properly, may be, in regard to 
the other birds it names — they enjoy little or no real protection therefrom. 

“ The great success which has attended the working of the ‘ Sea-Birds 
Preservation Act/ in which the penalties are much higher than in the ‘ Wild- 
Birds Protection Act/ encourages the Committee to believe that an Act on 
the same principle of the former, but applied to Wild Powl, would be equally 
successful ; and to this , end the Committee recommend the passing of such 
a Bill as was introduced by Mr. Andrew Johnson in 1872. This Bill, it will 
bo remembered, was tho foundation of the existing ‘ Wild-Birds Protection 
Act/ but was so entirely alterod in its passage through Parliament as to 
become useless for tho protection of the group of birds it was at first intended 
to protect. 

“The * Wild-Birds Protection Act’ may well be left as it is, since public 
opinion was, and is, decidedly in favour of some such legislation. Its failing 
to protect Wild Powl efficiently gives no room for its repeal ; but the Com- 
mittee regards it as being virtually ineffective to produce any practical good. 

“ The Committee thinks it necessary to state once more, that of the Small 
Birds which so deeply engage the sympathies of many of the public, there 
are but few kinds which have been proved, on any good evidence, to be 
diminishing in numbers, and that the decrease of these is owing much less 
to any direct destruction or persecution than to indirect causes, such as have 
been already referred to, and declared to be uncontrollable by the legislature. 
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The diminution of such birds as the Wheatear, the Goldfinch, and Linnet can 
be immediately traced to the breaking up, and bringing under cultivation, of 
commons, and so probably of the rest ; while, on the other hand, it is obvious 
that many kinds of Small Birds have largely increased in number owing to 
the spread of plantations, and the security from molestation during the 
breeding- season they enjoy through the incessant attention given to the 
preservation of game. 

“ At the same time the Committee is of opinion that some steps for the 
Regulation of Bird-catchers might well be taken, with the approval not only 
of the, general public, but of the better class of bird-catchers themselves ; 
and, should success attend its present attempt, the Committee would readily 
direct its efforts to that object.” 

Your Committee has the gratification of reporting that the opposition which 
the Bill encountered in the House of Commons, though seriously intended, 
was happily overcome by the good management of Mr. Chaplin and his 
seconder, Mr. Rodwell, Q.C. A division was taken on the motion for the 
Second Reading, when the numbers against it were 13, and in its favour 337 
— an almost absolute majority of the whole House. 

In deference to certain objections which were raised in Committee, Mr. 
Chaplin consented to an alteration of the original draft Bill as regards the 
days when the proposed “ Close Time ” should begin and end. Your Com- 
mittee cannot wholly approve of this change ; but as it does not affect the 
length of the season, the modification seems not to be very important, while 
Mr. Chaplin’s adroit acceptance of it unquestionably saved the Bill. 

Ho further alteration w r as made. The Bill, having passed the Commons, 
was kindly taken charge of in the Upper House by Lord Ileimikcr, and 
finally received the Royal Assent on the 24th of July. 

In congratulating all who have at heart the protection of indigenous 
animals in this happy result, your Committee desires to point out that their 
most sincere thanks are due to the nobleman and gentlemen already named, 
as well as to others who aided the passage of the Bill through both Houses, 
and, in particular, the efforts of Lord Walsingham deserve especial recognition. 

With regard to the taking of any further steps, your Committee can only 
suggest the possibility of something being done in the direction indicated by 
the last paragraph of the foregoing statement. The difficulties, however, in 
the way of passing any measure for the Regulation of Bird-catchers, which 
should be at once effectual and acceptable to Parliament, seem to be very 
great, and your Committee is not sanguine of the success of any immediate 
attempt to attain this end. 

The Sea-Birds Preservation Act continues to work satisfactorily on tho 
whole, though your Committee has reason to fear that its provisions have 
been disregarded in certain places. Some time has elapsed since any prose- 
cution under it has taken place ; and its enforcement in a few instances in 
the course of the next year may be needed to show that it cannot bo violated 
with impunity. To this object your Committee, if reappointed, will give its 
attention ; meanwhile it may be observed that the Apt is very favourably 
regarded in most places, and that, by authority of its third section, the 
Secretary of State for the Home Department has, on the recommendation of 
tho justices of the East Riding of York in Quarter Sessions assembled, ex- 
tended the “ Closo Time ” on tho coast of that county from the 1st to the 
15th of August, 

Your Committee respectfully urges its reappointment. 

1876. 
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Report of the Committee , consisting of James R. Napier, F.R.S., Sir 
W. Thomson, F.R.S., W. Froude, F.R.S., and Osborne Reynolds 

{Secretary), appointed to investigate the effect of Propellers on the 

Steering of Vessels, 

[Plate L] 

The Committee commenced operations by printing the following Circular, and 
sending copies of it to the Admiralty and to those shipowners with whom 
the individual members of the Committee were personally acquainted, or 
those who in their opinion were likely to assist in the investigation 

“ The British Association por the Advancement oe Science. 
u Experiments on the Turning of S crew Steamers . 

u At the Meeting of the British Association in Bristol last year* a paper 
was read by Professor Osborne Reynolds, in which it was shown, from ex** 
periments upon models, that in a steamer when tho screw is in motion, the 
direction in which the rudder tends to turn the ship depends on whether the 
screw is driving ahead or astern, and is independent of the actual motion of 
the ship through the water ; for instance, if when a ship has headway on 
the screw is] reversed, then the action of the rudder is the same in direction 
as that of a ship going astern ; or if the ship have sternway on, and the 
screw be started to drive her ahead, then tho rudder acts as if she were going 
ahead. 

“ After the discussion of the paper, Mr. James R. Napier, Sir William 
Thomson, Mr. W. Proude, and Professor Reynolds were appointed a Com- 
mittee to carry the investigation further, and particularly to ascertain if the 
same results would he obtained when the experiments wore made with full- 
sized shipB. 

“ In order to collect sufficient data to establish a general conclusion, the 
Committoe are anxious to obtain the assistance of such shipowners and 
captains of ships as may he willing to aid them. 

“ The Committee according^ ask that certain trials and observations may 
be made, and the results, together with tho name, size, tonnage, and condi- 
tion of loading of the ship, as well as tho depth of immersion of tho screw, 
the date and name of the officer in charge, may be forwarded to Professor 
Reynolds, Owens College, Manchester, or to any of the Members of Com- 
mittee* 

“It is also particularly requested that the kind of screw and the number 
of blades may be stated, and whether the screw is right- or loft-handed. Ry 
a right-handed screw is understood one in which the upper blades move from 
port to starboard when driving the ship ahead. 

“ Tho following are the trials requested : — 

“ Trial I. — That when the ship is going full speed ahead, the screw should 
be suddenly reversed and the rudder put hard over, as if to turn the ship to 
starboard of her course, and careful notice taken as to tho way in which tho 
ship turns before all headway is lost. 

b “ Trial II. — The same repeated with tho rudder set in the opposite 
direction. 

u Trial III.— That when the ship is going fast astern the screw should 
suddenly he started to drive her ahead, and the rudder put hard over to the 
same side as in Trial L 

“Trial IY. — Trial III. repeated with the rudder in the opposite direction. 
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u Trial Y.— That the ship should be driven full speed ahead with the helm 
amidships, and notice taken as to the direction in which the ship turns 
under the action of the screw. 

u Trial YI. — That the ship should be driven full speed ahead, then the 
screw reversed, with the helm amidships, and notice taken in which direc- 
tion tho ship turns.” 

“ May 3, 1876.” 

After Bending the Circular the Committee received a communication from 
the Secretary to tho Admiralty, to the effect that the Admiralty had ordered 
the experiments to be made, and that the results should be forwarded. 

As the result of their application to private owners, the Committee obtained 
the use of three vessels, upon which the following trials were made. 

Experiments made with the * Valetta / belonging to the Earl of Glasgow, 
Captain R. Hunter, on the Gth June, between Wemys Bay and the Cumbrae. 

Tho ‘Yaletta* measures 80 tons, and was drawing during the trials 
5' 0" forward and 6' 6" aft. Her serow r , which is right-handed, is 5' 6" in 
diameter, and during the trials was immersed about V ; it is 3-bladed, and 
has a pitch of 8' 0". When at full speed the ‘Yaletta’ makes about 9 j 
knots an hour. 

During the trials the seconds w r ere called out by Mr. James R. Napier. 
Mr. Bottomley, who was acting for Sir William Thomson, watched the angles 
through which the boat turned, by means of a dumb compass, while the 
signals for turning and stopping the vessel were given by Professor Reynolds. 

The first trial was of the effect which the screw exerted to turn tho ship 
with the helm amidships. When at full speed she turned to port at the rate 
of about 7° per minute, or, as it is usually expressed, she carried a port helm. 
However, as the speed of the engines was reduced the tendency to turn the 
ship to port was reduced, and when going very slow (about 5 miles an hour) 
the ship turned slightly in the opposite direction. When going fast the 
screw churned air into the water, but not when it was going Blow. 

The effect of the screw to turn tho ship with the helm amidship, although 
appreciable, was not of sufficient magnitude to be taken into account in the 
results of tho subsequent experiment. And as this effect was almost the 
same with the wind on cither bow, it was evident that, although tho wind 
was blowing with some little forco, its effect to turn the vessel was also 
unimportant. 

These preliminaries having been settled, the ship was driven full speed 
ahead, then the screw reversed as suddenly as possible, and immediately the 
engines began to turn astern tho rudder was put hard over. At first on 
roversal the engines turned but slowly, and it was not until tho boat had lost 
some of her way that they turned full speed astern. 

Four observations were taken in this way with the helm to port, two with 
head to wind, and twm before the wind ; and similar observations were taken 
with the helm to starboard. All four observations with the helm to port 
gave nearly the same results, and so with the helm to starboard. 

The mean results wore as follows : — 

With the helm ported (which, had the engines been going ahead, would 
have brought the ship’s head round to starboard at a rate of nearly 2° a 
second) the vessel at first, while the screw was turning but slowly, com- 
menced turning to starboard, and had turned through 5° in 9 seconds ; she 
then commenced turning to port ; and in 16 seconds more, when she had 
nearly lost all way, she had returned 13° to port or about- 8° to port of her 
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original direction, i. e. in the opposite way to that in which she would have 
turned had the screw been kept on ahead. ’ * 

With the helm to starboard, at the end of 10 seconds she had turned 
through 6° to port, and in 14 seconds more, when she had nearly lost way, 
she had come back 14° to starboard or 8° to starboard of her original direc- 
tion ; that is, as before, in the opposite way to that in which she would have 
turned had the screw been kept on ahead. 

With this ship, therefore, although the reversing of the screw did not at 
once reverse the action of the rudder, it greatly reduced its effect, and 
reversed it in time for the ship to have turned 8° out of her course before she 
had come to rest — that is, 8° out of the direction in which she headed on 
the reversal of her screw; and considering that, during the 25 seconds in which 
she was stopping, had her screw been kept on ahead she would have turned 
through some 50°, the effect of reversing the engines was to bring the ship 
some 58° out of the direction she might have occupied. 

Experiments with the Hopper Barge , No. .12, belonging to the Clyde 
Navigation Trust, Captain J. Barrie, on June 7, off Kilcreggan, Rosneath. 

These experiments were conducted in a similar manner to those on the 
* Yaletta,’ the same members of the Committee taking part in them. 

The barge when loaded carries 400 tons of mud, is 140 feet long, was 
drawing during the first set of experiments 11' 6" aft and 9' 6" forward, and 
when light, during the second set, 8' 2" aft or 4 ft. forward. The top of the 
propeller is 8' G" from the bottom of the keel. The screw, which is right- 
handed, has throe blades, and is 8 foot in diameter and 1G feet pitch. 

The first set of experiments were made with the barge hoad to windward, 
the wind being of much the same force as on the previous day. Tho mud 
was then discharged, and the barge put before the wind, and the experiments 
repeated. 

When loaded and going to windward with tho helm amidships, the barge 
sheered first to port and then to starboard. This was apparently owing to 
the screw churning the water intermittently ; when the wake was apparently 
clear the boat turned to starboard, and when tho screw was churning air 
into the water she turned to port. 

When the screw was reversed with full way on, and afterwards the helm 
put hard over either to port or starboard, the action of the rudder was 
always reversed, and was very decided. It required 1 minute for the screw 
to bring the boat to rest, and during that time she turned from 35° to G0 Q ; 
moving slowly at first, and more rapidly as her speed diminished. 

The reverse action of tho rudder was therefore much more decided than in 
the case of the 4 Yaletta/ which -was accounted for by the fact that the screw 
was reversed to full speed at once, tho engineer being an old locomotive 
engine-driver accustomed to reverse suddenly, besides which the boat being 
much heavier allowed more lime for the operation. 

When the boat v a-going full speed astern, the screw reversed to full speed 
ahead, the action of the rudder was the same in direction as if she had been 
going ahead, but it was very slow. 

When the barge was steaming full speed ahead with the rudder hard ovpr, 
she turned at tlic rate of 1° in 1 second. 

With this vessel, therefore, the effect of reversing the screw was to cause 
her to turn through more than 30° from the direction in which she 
headed when the reverse action set in ; and considering that in 11: o same 
time she would have tinned through G0° in the opposite direction had tho 
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engines been kept on ahead, the effect of reversing was to turn her through 
90° from tho position she would have occupied had the engines kept on 
ahead. 

Experiments with the Steam Yacht ‘ Columba belonging to His Grace the 
Duke of Argyll , June 29, in Gare Loch, the weathor very fine, with little 
wind. 

The draught of the vessel was 10 feet aft and -8' 2" forward. She was 
fitted with a Griffith's screw 7' 1" in diameter and 12' pitch. The experi- 
ments were witnessed by Mr. James H. Napier and his son, Mr. ltobert T. 
Napier. When the vessel was going full speed ahead (about 10 knots) the 
engines were reversed, and the helm immediately put to starboard ; tho ves- 
sel turnod to starboard until her forward way was lost, the timo between the 
reversal of the engines and the stojipiug of the ship being about 1 minute. 

When the vessel was going full speed ahead the helm was set to port, and 
shortly after the screw reversed. The vessel turned to starboard at first, 
and then to port until all way was lost. The turning to starboard at first 
was the natural result of the helm having been ported before the screw was 
reversed. 

In the trials on this ship no measurements were made of the angles 
turned through. The direction of turning, however, was the samo as be- 
fore, the reversing of the screw at once reversing the effect of the rudder. 

In all three of these vessels, therefore, the same effect on the steering was 
produced by tho reversing of the screw when the vessel was at full speed. 

The importance of this effect may perhaps be best seen from the diagrams 
(Hate I.), showing the various positions occupied by the ‘Valetta’ and tho 
barge compared with those they would have occupied had the screws not been 
reversed. 

In theso diagrams the directions of the vessels correspond with the actual 
measurements during the trials ; the positions and distances travelled being 
estimated from the known speed of the vessels. It had been the intention 
of the Committee to use one of Mr. Napier’s pressure logs in order to ascer- 
tain exactly the positions of the vessels during the trial, but this intention 
was not carried out. 

Diagram 1 shows the courses run by two ships after tho reversing of the 
screw until they had lost all way’ compared with the courses they would have 
run had they continued under full steam, the helm being hard to port. 

A glance at this diagram is sufficient to show "what a fatal mistake it must 
be when a collision is imminent to reverse the screw, and then use the rudder 
as if tho ship would answer to it in the usual manner. 

But perhaps, as regards collisions, the most important result is that 
shown in diagram 2 — namely, the positions of the ships when they have not 
lost more than half their way, and when, as regards the distance run, the 
effect of reversing the screw is but small. 

As is shown in this diagram, it appears that whether tho reversing of the 
screw reverse the action of the rudder or not, the rudder is nearly powerless 
to turn the ship, and that she will turn not only moite rapidly, but in less 
room when going full speed ahead. 

Before closing their Beport, the Committee desire to express their thanks 
to the Earl of Glasgow, the Clyde Navigation Trust, and His Grace the Duke 
of Argyll, for the use of their vessels, and to the officers and crews who 
assisted in making the arrangements and conducting the experiments. 
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On the Investigation of the Steering Qualities of Ships . 

By Prof. Osbobne Reynolds. 

[A communication ordered by the General Committee to be printed in extcnso .] 

The primary object of using steam power in ships is to enable them to pass 
quickly over long distances. Under normal circumstances rapidity and cer- 
tainty in manoeuvring are matters of secondary importance ; but circum- 
stances do arise under which these powers are of vital importance. Experi- 
ence has taught those who go down to the sea in steam-ships that their 
greatest danger is that of collision; and fogs are feared much more than 
storms. That thero must always be danger when long ships are driven at 
full speed through crowded seas in a denso fog cannot be doubted ; but this 
danger is obviously increased manyfold when those in command of the ships 
are under the impression that a eortain motion of the helm will turn the 
ship in the opposite direction to that in which it docs turn. 

The uncertainty which at present exists in the manoeuvring of largo ships 
is amply proved by the numerous collisions which havo occurred betwoen the 
ships of our own navy while endeavouring to execute ordinary movements 
under the most favourable circumstances, and with no enemy before them. 
These accidonts may be, and have boen, looked upon as indicating imperfec- 
tions in the ships or the manner in which they were handled ; but it must 
be admitted that the ships are the best and best found in the world, and 
that they are commanded by the most skilful and highly trained seamon 
alive. And if peaceable ships fail in their manoeuvres when simply trying 
not to hurt each other, what will be the case of fighting ships when trying 
to do all they can to destroy each other ? If the general impression as to 
the important part which the ram is to play in the naval combats of the 
future is ever realized, then certainty in manoeuvring must not only be of 
very great importance (this it has always boon in sea fights), but it must 
occupy the very first place in the fighting qualities of the ship. 

$ow the results of the investigation of the effect of reversing the pro- 
pellers on the action of the rudder appear to show that, however capricious 
the behaviour of ships has hitherto seemed, it is in reality subject to laws ; 
and that by a series of careful trials tho commander of a ship may inform 
himself how his ship will behave under all circumstances. 

The experiments of the Committee on large ships havo completely esta- 
blished the fact to which it was my principal object last year to direct atten- 
tion, namely, that the reversing of the screw of a vessel with full way on 
very much diminishes her steering-j)owor, and reverses what little it leaves ; 
so that where a collision is imminent, to reverse the screw and use the rudder 
as if the ship would answer to it in the usual manner is a certain way of 
bringing about the collision. And to judge from the accounts of collisions, 
this is precisely what is done in nine cases out of ten. In the paper of 
to-day I find the following (August 22, 1870): — 

“ The Fatal Collision off Ailsa Craig . — The Board of Trade ' inquiry into 
the collision between the steamer ‘ Owl ’ and the schooner-yacht ‘ Madcap ’ 
was continued at Liverpool yesterday. Two passengers by the ‘ Owl ’ were 
recalled, and spoke to some of the facts of the collision. The night was not 
misty, though some rain had fallen. They saw the green light of the yacht 
shilling brightly after the collision. William Maher, third officer of the 
‘ Owl/ said it was the chief officer’s watch at the time of the collision. 
There were five able seamen in the watch. Witness and the chief officer 
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were on the bridge. One man was on the look-out from the starboard side 
of the bridge, His ordinary place was on the forecastle-head, but he was 
not placed there that night, as there was a heavy head sea, and the vessel 
Was shipping water. His attention was called to a light by the look-out 
man. It was almost ahead about a mile and a half off. He could not at 
first distinguish whether it was red or green, as it was dim ; hut when he 
made it out to be a green light it boro two to three points on the port how, 
and it was only three or four lengths off. He heard no order given to tho 
man at the wheel when the light was first reported ; but when witness found 
that it was a green light he ordered the helm hard aport. If the steamer 
had starboarded at this time she would have gono right over tho yacht, The 
< Owl ’ had been going at the rate of six or seven knots ; but when she col- 
lided there was no way on her, the engines having been reversed. After the 
yacht went down the captain ordered a boat to be got out, but subsequently 
countermanded the order, on the ground that more lives would be lost, as it 
was not fit to go out. At the close of his examination the witness stated 
that ho would not have gone out in a boat on such a night as that, oven if 
the captain had ordered him — a remark which appeared to greatly astonish 
tho nautical assessors,” 

He ported his helm to bring his ship round to starboard, but he also 
reversed his screw ; and as ho says nothing about having again starboarded 
his helm, it would appear that from the time of reversing the screw until 
the collision (time onougli to stop tho ship), she had moved straight for- 
ward or inclined to port. Had ho not reversed his screw, but kept on full 
speed, it is clear tho collision could not have happened, for at the time tho 
collision did happen his ship would have been more than her own length 
away from the spot whero tho collision occurred. Ho admitted himself that 
to have starboarded his helm must have brought about the collision, so he 
ported his helm and reversed his screw, which, as it had the same effect, did 
bring about the collision. 

From the Committee’s report just read, it appears that a ship will turn 
faster, and for an anglo of 30°, in less room when driving full speed ahead, 
than with her enginos reversed, even if the rudder is rightly used. Thus 
when an obstacle is too near to admit of stopping tho ship, then, as was done 
in the case of the 4 Ohio,’ mentioned in my paper last year, the only chance 
is to keep the engines on full speed ahead, and so to give the rudder an 
opportunity of doing its work. 

Theso general laws are of the greatest importance, but they apply in dif- 
ferent degrees to different ships ; and each commander should determino for 
himself how his ship will behave. A ship’s ordinary steering-power may 
soon be iearnt in general use, but not so the effect of stopping ; there is 
thought to be a certain risk in suddenly reversing the engines, which any ono 
in charge of a ship will shrink from, unless he knows it is recognized as part 
of his duty. 

It is also highly important that the effect of the reversal of the screw 
should be generally recognized, particularly in tho law courts ; for in the 
present state of opinion on the subject, there can be no doubt that judgment 
would go against any commander who had steamed on ahead, knowing that 
by so doing he had the best chance of avoiding a collision, or whp had 
ported his helm in order to bring his ship’s head round to port, with the 
screw reversed. It seems to me, therefore, that it would be well if steps 
could be taken by this Association to bring the matter prominently before 
the Admiralty, the Board of Trade, and those ooncerned in navigation. 
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So far as the capabilities of each individual ship are concerned, there is n< 
insuperable difficulty or risk about the experiments, and to have determined 
theso will be a great point. When the officers know exactly what can be 
done in the way of turning their ships, and how to do it, the chances oi 
accidents must be greatly reduced. 

But at all events for fighting ships it is desirable that the officers should 
have experience beyond the mere turning powers of their own ships. When 
two ships are manoeuvring so as to avoid or bring about a collision, eacli 
commander has to take into account the movements of his opponent. Tc 
enable him to do this with readiness, it would be necessary to have friendly 
encounters. A fight between two ships whose captains had never before 
fought, would be like a tournament between two novice knights who had 
never practiced with pointless spears ; and such a contest, although not un- 
equal, must be decided by chance rather than skill. 

Unfortunately sham fights or tournaments between ships with blunt rame 
would be about as dangerous as a real fight ; and the chance of an accidenl 
would bo far too great for suoh friendly tournament, however important, 
ever to become an essential part of the training of a naval officer, as thc^ 
were of the knights of old. Por although, should war arise, the danger from 
want of experience may bo even greater than the danger of an accident in 
gaining such experience by friendly fights, yet, as the chance of war ie 
always remote, the former risk would be preferred ; and this is not all. 

As yet there has been no such thing as a ramming fight between steam- 
ships ; so that not only are our officers without actual experience, but even 
the rules by which they are instructed to act (the rules of naval tactics) arc 
based entirely on theoretical considerations, and hence are very imperfect. 

Now there appears to me to bo a means by which experience of the 
counter-manoeuvring powers of ships, as well as the manoeuvring powers ol 
single ships, could be ascertained without any of the risk and hut little oi 
the cost attending on the trials of large ships, and which, if not equal to an 
actual fight, would be very useful as a means of training the officers. 

If small steam-launches were constructed similar to the ships, so that 
they represented these ships on a given scale (say one tenth linear measure), 
and their engines were so adjusted that they could only steam at what we 
may call the speed corresponding to that of the larger ships, then two 
launches would manoeuvre in an exactly similar manner to the large ships, 
turning in one tenth the room ; and the time which the manoeuvres with 
the launches would take would only be about half that occupied by similar 
manoeuvres with full-sized ships. The only points in which it would be 
necessary that the model should represent the ship would be in its shape 
under water and as regards the longitudinal disposition of its weights. The 
centre of gravity should occupy the same position amidships, and the longi- 
tudinal radius of gyration of the model should bear the same proportion to 
that of the ship as the other linear dimensions. In other respects the model 
might be made as was most convenient. It might be made of wood, and so 
strengthened that two models might run into each other with' impunity. 

There would not be much difficulty in so strengthening the models, as the 
speed of the models would he very small. For instance, if the speed of the 
Ship were 13§ knots, then that of the model would be 4£ knots. 

The study of the qualities of ships from experiments on their models has 
not until recent years led to any important results. But this in great part 
was owing to the fact that proper account had not been taken of the effect 
of the- wave caused by the ship and the consequent resistance. It was not 
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known that the waves set up by tho model bear the same relation to the 
size of the model as the waves set up by the ship do to the ship whon, and 
only when, the speed of the model is to the speed of the ship in the ratio of 
the square root of the ratio of their lengths. 

Since this fact has been recognized, most important information has been 
obtained by experimenting on models. Mr. Froude, by recognizing this law, 
has been able to bring the comparison of ships by means of their models to 
such a degree of perfection, that he can now predict with certainty the com- 
parative and actual resistance of ships before they are constructed, and the 
great practical value of his results have been recognized by the Admiralty. 

What I propose is virtually to extend these experiments on models so as 
to make them embrace the steering-powers of ships as well as their resis- 
tances. The manner of experimenting would have to be somewhat altered. 
Steam-launches would have to be substituted for dummy models ; but the 
principle of the experiments would have to remain the same, and the speed 
of the launches must be regulated by the same law as that of the models. 

The turning qualities of such launches might be verified by comparing 
them with the turning qualities of the ships as found by actual experiment ; 
and then the models might bo handed over to the officers of the ships, and 
they might practice encounters and manoeuvres until they knew not only 
what they could do with their ships, but what it was best to do in order to 
outmanoeuvre each other, and this without any cost or risk. 

The behaviour of the models would be in all respects similar to that of the 
ships, tho only difference being that the manoeuvres would be on a smaller 
scale ; and the scale of tho manoeuvres would be the same as that of the 
models, so that the step from the models to the large ships would be easy ; 
and familiarity with tho working of the ships as well as the models under 
ordinary circumstances would prepare the officers for using the ships in an 
actual fight as they have been accustomed to use the models in their friendly 
encounters. The scheme here proposed has its parallel in military schools. 
Although “autumn manoeuvres ” and sham fights afford soldiers a much 
better opportunity of preparing themselves for battle than any thing at 
present within reach of the sailors, still the war game appears to be 
growing in favour, and this is nothing more than practising manoeuvres in 
miniature. 

Independently of their value as a means of training naval officers, such 
models would afford a means of studying naval tactics. From them might he 
learnt the way in which a ship should strive to approach another of nearly 
equal power and speed, so as to use her ram to the greatest advantage ; and 
of this as yet but very little can be known ; and, except on models, it can 
only be learnt from experiments on the ships. 

Important as are the laws which have been verified by the Committee on 
the steering of screw-steamers, it appears to me that the most important 
lesson to be learnt from their investigation is, that there is nothing capri- 
cious in the behaviour of these ships. To realize the value of this lesson 
the investigation must he followed up ; and it appears that the best way to 
do this would be by the aid of model launches on the plan thus roughly 
sketched out. 
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Seventh Report on Earthy wit** hi Scotland , drawn up by Dr. Bryce, 
F.G.S., FM'S.E. 7 V ( 'owtiti-'- consists of Dr. Bryce, F>G.S., Sir 
W. Thomson, F.R. S., J. Brough, G. Forbes, F.R.S.E. , D. Milne- 
Home, F.R.S.E., and P. Drummond. 

The state of quiescence alluded to in last year’s Report has suffered 
soarcely any interruption during the current year. No movement has oc- 
curred of sufficient intensity to affect any of the instruments employed by 
the Committee for testing the shocks. The Association will be aware that 
those are the seismometer, constructed on the principle of the inverted pen- 
dulum, which is placed in the tower of tho parish church of Comrie, and two 
sets of upright cylinders, described in last year’s Report, which stand on 
boards on the sanded floor of a building erected two years ago by the Asso- 
ciation upon a site, half a mile west of tho Comrie church, kindly granted by 
P. Drummond, Esq., of Dunearn, in tho grounds surrounding his house. 
This building stands in the Comrie valley, on a boss of rock of the sarno 
kind of slate of which the adjacent hills and ridges arc composed, and which 
can be traced into continuity with those on both sides of tho valley. It was 
therefore expected that cylinders so placed would readily respond to any 
movement affecting tho rocks on either side of the valley, more especially 
as the centre or focus from which it has hitherto been considered that the 
movements have emanated is at no great distance on the north side of tho 
valley. 

This expectation has not been realized, inasmuch as- two slight shocks were 
experienced on the 14th and 16th of January, in the morning and afternoon, 
without affecting tho seismometer or tho cylinders, even tlioso of smallest dia- 
meter, which a very slight movement is sufficient to lay prostrate in the sand. 
It is easy to see that a very extreme sensibility must be avoided in order to 
guard against the effects of other disturbin': causes — as a storm of wind, a 
peal of thunder near at hand, or a heavy footfall on the rock outside ; and 
hence that an undulation, propagated from a distant centro, might be so 
retarded by the resistance of rocky masses as not to produce the required 
amount of disturbance. The evidence furnished by several most intelligent 
and trustworthy persons leaves no doubt that on tho day mentioned a very 
slight shock was really felt on the north side of tho valley ; that the move- 
ment seemed to come from the westward, and was attended by a slight 
noise, which died gradually away towards the south-east. 

This somewhat disappointing result has led your Committee to add two 
more cylinders of increased delicacy to each set, and to use every effort to 
obtain suitable sites for other sets more to the west and north, and also 
further down the valley, as near Dunira, the conjectured focus, and that 
fixed on by Mr, Milne-Homo in tho former inquiry, in Glen Lednoch near 
the edge of the eruptive granite tract, whence the late disturbance seems 
to have proceeded ; and, if possible, also at Ardoch, Dunblane, and Bridge 
of Allan, at all of which the shocks of 1873 were so severely felt. The 
expense would be inconsiderable ; the difficulty to be encountered is the 
procuring of a suitable and safe site and a competent observer. Your Com- 
mittee earnestly hope that these obstacles will be overcome in the course of 
the succeeding year. 
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Report on the Present State of our Knowledge of the Crustacea. 

Part II. On the Homologies of the Dermal Skeleton {continued). By 
C. Spence Bate, F.R.S. fyc. 

[Plates II., III.] 

As in tho first part of this Eeport the carapace or dorsal surface of the 
Crustacea was considered, it is now intended to examine the plastron or 
ventral surface, and so complete our inquiry into the form and structure of 
the dermal skeleton, previous to a consideration of the internal viscera and 
development of the animals of the various forms in the class. 

The head, or cephalon, is more clearly defined in Edriophthalmous Crustacea 
than in any other order ; but even here the somites posterior to the mandi- 
bular ring have the dorsal surface wanting ; but a clearly defined character 
distinctly separates them from the somites that pertain to the succeeding 
seven, which constitute the pereion. 

This condition is less complete in Sqiulla (which M. Milne-Edwards has 
selected as being “ of all Crustacea that in which the 21 segments of the body 
are tho most distinct ”), where the posterior somites of the cephalon as woU 
as the anterior two of the pereion are only represented by their ventral sur- 
faces. 

This apparent incompleteness of structure, which is due rather to an 
economy of material, has led carcinologists to consider generally that the 
cephalon and pereion should be treated anatomically as one portion of tho 
animal under the general name of cephalo thorax. 

Thus Dana, in writing on the “ Classification of Crustacea,” in his 6 Eeport 
on Crustacea of tho United-States T.\ oh.: i:.jr Expedition under Capt. Chas. 
"Wilkes, U.SJST./ P* 1397, says, “ In those highest species, nine segments and 
nine pairs of appendages out of the fourteen cephalothoracic belong to tho 
senses and mouth, and only five pairs are for locomotion.” 

This he has taken from the Brachyural or Macrural decapod, as being the 
highest types of tho order ; but if we are to report our experiences and define 
the names and conditions of things according as they are represented in a 
single typo or group, every student of any special form will draw his own 
conclusions from that which he has alone closely considered, and the study of 
Crustacea as a class in the animal kingdom must be retarded, if not mis- 
represented. 

In studying scientifically the Crustacea as a whole, it will be found not 
only more correct but rnoro convenient to describe and name the several 
parts of the animal by their homologous certainty rather than by their adapta- 
tion to fulfil different functions which demand a variation of form with the 
greater or less importance of their requirements. 

The seven somites that form the cephalon are most closely associated, and 
difficult to be separated from those that follow, in the Brachyural type. This 
circumstance appears to be largely due to the powerful character of the man- 
dibular appendages. The great strength of these organs requires such an 
internal development of parts that they appear to preclude the posterior 
somites from the power of growth ; consequently they become merely sufficient 
to support appendages of a supplementary character. 

This is very apparent in the Macrural order. In Palinurus the mandibles 
are so broad and largo that their removal is almost a complete decapitation. 
It is therefore a structural necessity that the posterior two somites of tho 
cephalon should be supported by those to which they are most closely 
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approximate ; consequently they are frequently found fused with the anterior 
somites of the pereion. 

Yet in this vory genus, in a young state, we have the most complete evidence 
of the limits that define the cephalon from the pereion, and this again from 
the pleon. 

In the larva of Palinurus, as well as in the animal known as Plajllosoitw, 
which is now generally accepted as being the young of Palinurus after some 
weeks’ growth, the cephalon is seen to coincide with the limits of the cara- 
pace and terminates anteriorly to the seven somites of the pereion. It there- 
fore appears that it is desirable to identify these first seven somites as belong- 
ing to the head or cephalon and that only. 

The pereion, or thorax, is also composed of seven somites or segments ; and 
this number is never departed from, even in the most depauperized condition 
of the animal. These several somites Prof. Milne -Edwards, in his “ Obser- 
vations sur le Squelette tegumentaire des Crustaces decapodes, et sur la 
Morphologic de ces animaux,” Ann. des Sciences Nat. p. 268, 1854, says: — 
“ In order to determine easily each of these anatomical elements of the integu- 
mentary skeleton, it is desirable to define them by a name ; and I shall call 
them protosomite , deulosomite , mesosomite , or tritosomite , tetartosomite , pemp^ 
tosomite , hectosomite , and hebdosomite , following the order which they occupy 
from before to behind.” 

In the lower types they form, as in the Amphipoda, separate and distinct 
segments; but in the higher groups, as we see the dorsal surface of the somites 
of the cephalon developed and produced posteriorly so as to cover and protect 
the upper part of the pereion, so we find the somites of this latter division 
coalesce ventrally more or less perfectly until in the Macrura and Erachyura 
they reach the highest degree of consolidation and are much more donse and 
strong than is the structure of the carapace. 

This condition is gradually seen to be approached through different stages 
from the Edriophthalmia upwards. In the genus Squilla (which has many 
analogies with the sessile- eyed Crustacea, and appears like an enormous 
stalk-eyed Amphipod) three or four of the posterior somites are exposed 
beyond the carapace and have the dorsal arc complete and separately perfect. 
In the Diastylidae we see the same ; and ultimately in the genus Pagurus, 
among the Anomurous Crustacea, there is but a singlo somite that is not 
embraced within the limits of the carapace, and that is reduced to a very 
slender ring. 

With the deterioration of the dorsal arc of each somite of the pereion the ven- 
tral arc increases in density and coalesces the more perfectly with its neighbours. 
This appears much to depend upon tho habits and character of the animal. 
If it be one whose habits are perambulatory, as in Palinurus , the somites 
are strongly fused together into a strong broad sternum ; whereas in such 
animals as Palcemon and Homarus the sternum is less strongly developed, 
and apparently of a more feeble character. 

This depreciation of the sternum gradually goes on as we approximate the 
short- tailed orders, and arises from the absorption of the first joint or coxa 
of the leg into the general system of the animal. 

In Palinurus the sternum (PI. II. fig. 1), corresponding to the posterior 
five somites, is very broad, and the legs are very widely separated from those 
on the opposite side ; in Homarus , Nephrops , and Astacus (PI. II. fig. 2) they 
approximate each other so nearly that the sternum consists of a small cal- 
careous longitudinal cord, to which the apodema are attached and receive 
their support. 
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Tn the Anomura, of which we may take Lithodes (Pl. II. fig. 3) as an 
example, the coxse of the legs are so closely compressed together laterally 
that, without coalescing or being fused together, they are apparently united, 
while the inferior part of each coxa is completely fused with its neighbour 
for about half its extent. 

This is carried still further in the true Brachyura (PL II. fig. 4), where 
the first joints of the legs are all consolidated into a tolerably perfect 
mass of calcareous structure, and resemble the nature and character of a 
sternum. 

The ventral plastron, therefore, is formed of the first joint of the leg, and 
tho inferior arc of these seven somites is wanting in the true Brachyura in 
tho adult stage, the inferior surface of the legs fulfilling the duty of the sternal 
plate. As I have already observed, this state can be traced gradually from the 
Macrura to the Brachyura ; and it may also be observed gradually to assume 
this condition by following the development of the young, in which the coxal 
joints may bo distinguished separate and individually present, and gradually 
coalescing as the animal increases in dimensions with age. I am aware that 
this assertion is not in accordance with the teachings of previous carcinolo- 
gical anatomists ; but it is one that can be proved to demonstration. 

Milne-Edwards, u Observations sur le Squelette tiigumentaire des Crus- 
tacds decapodes,” Ann. des Sc. Nat. p. 269, 1854, says, “ These rings exhibit 
all the tergal pieces, and are closed above by a carapace, except among a small 
number of Anomura, as the Genobitis , where the seventh ring is complete. We 
can distinguish always a ventral arc, constituted normally by two sternal and 
two episternal pieces, and a dorsal arc, represented upon the sides of the epi- 
meral pieces of the sclerodermic prolongations < sing between the ven- 
tral and dorsal arcs of each ring, so as to enclose between them each side of 
the body, and to circumscribe before and behind the articular cavities destined 
for the insertion of the corresponding members. When the rings are free, each 
of theso arcs’ extremities I shall call arthrodiah, for the sake of being dis- 
tinct ; but when the zones are soldered together it is different. The anterior 
arthrodial of each thoracic ring is united to the posterior arthrodial of tho 
preceding zone, and is more or less completely united with it, so that the 
interarticular space situated between two such legs, instead of presenting 
two sclerodermic rings, lodges only a single arthrodial prolongation, which 
becomes common to the two approximating frames, so that it appears to 
depend more especially upon the last of the two rings so united. To simplify 
the description, I shall consider theso complex arthrodials as if they wero 
formed only by their most important parts, and shall neglect consequently 
their anterior plate ; but it should be observed that we can nearly always 
recognizo its existence. There is also an interannular symphysis which 
results from the formation of an interior fold of the sclerodermic lamella, a 
fold the two plates intimately sustain between them. These processes must 
be looked upon as if they were produced by the simple lamella of the posterior 
border of one of the segments so united by symphysis. 

“ It is always in the anterior portion of the thorax of the decapods that 
consolidation of the integumentary skeleton is carried to the furthest limit by 
the soldering or fusion of the anatomical elements.” 

Now what I contend is, that tho structure of the somite has, sis a part of 
the dermal skeleton, ventrally disappeared in the Brachyura, and its place 
ha3 been taken by the dermal tissues of the first joint of the several legs of 
tho pereion, and the apodema is formed in the various families of Crustacea 
out of parts that are homologically distinct. 
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In the Anomura, of which lAthodes may form the best example, the coxoe 
may best be dissected out ; and it does not require any very extreme care to 
separate the frame of one appendage from those by which it is compressed 
both anteriorly and posteriorly, by which compression the joint partakes of 
a quadrilateral form. The plates are in many places reduced to an extreme 
tenuity, and practically fulfil the office of a ^single wall, although in reality 
they are produced by two lamellse closely compressed but not united. The 
inferior or ventral wall, that formB the sternum, is very much more strong, 
and extonds until it meets the corresponding plate upon the opposite side. 
In Lithodes this simple condition extends from the anterior to the posterior 
extremity of the pereion. 

In the Brachyura, of which we may take Cancer as tho type, the walls of 
tho coxal joint form the floor of the porcion from the anterior extremity to 
the fourth or tetartosomito, from which posteriorly an upright wall in tho 
median line separates the right side from the loft, and encloses the muscles 
of the four posterior pereiopoda within as many <*■ : - ; ■ ■ V- • chambers, 
forming a strong arch that supports the internal viscera and precludes their 
sinking into the ventral cavity. 

If, as I contend, this condition of tho structure may be demonstrated 
beyond doubt, it follows that the episternal pieces lose their homologieal 
signification, as defined by Prof. Milne- Edwards, in the same way as tho 
epimera of the dorsal arc. 

The episternal plates arc parts of tho first or coxal joint of tho legs pro- 
duced as plates, valuable as supporting the articulations of the next succeed- 
ing joint with the first. It is interesting to observe that these so-called 
episternal plates can bo traced back to large spinal processes in the young 
animal, and to less important processes in the pupal, or third stage in the 
process of the development, where they can be distinctly seen as parts of the 
00X83 of the appendages attached to the pereion (fig. 7). 

This appears to ho the anatomical condition in tho Brachyura, and also 
in some of the Anomural groups. 

But in the Macrural type the ventral surface of the pereion is formed of 
the lower arc of the soveral somites which belong to this division of tho ani- 
mal. Some slight variations of form and appearance exist in separate genera. 
In Palinurus the anterior part of the sternum is narrow and longitudinally 
longer than broad, while the posterior part gradually increases in width 
from the anterior to tho posterior extremity. Each somite is completely 
fused with those with which it is in contact at the centre, while deep lines 
of fissure define their separation on each side, the posterior process of which 
somites corresponds analogically with the so-called episternal plates in the 
Brachyura, hut homologically they are distinct, being, in this form, parts of 
the true somite, and not a portion of the coxa of the leg incorporated with it 
(PI. II. fig. 1). 

In the genus Astacus the sternal plates are all narrow, being scarcely 
broader posteriorly than they are anteriorly, while in the genus Homarus the 
sternal plates are still more narrow and less important. This appears to be the 
general characteristic of the ventral plates in Nephrops , Palcemon, Crangon , 
&c., hut more delicately and feebly constructed, so far as the external condi- 
tions ; but in the lower forms of Crustacea, such as the Amphipoda and the 
Isopoda, the sternal plates are broader than they are long, and consequently 
the several pairs of appendages are widely separated from each other, cor- 
respondingly so throughout the entire length of the pereion. 

The internal structure in the Podophthalmous types is more complex than 
the same narts in the lower or sessile-eved forms. 
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Id Asiacus, where the structure is perhaps more distinct, the margins of 
the approximating somites are Been to bo compressed together, the anterior 
margin of one with tho posterior of the next, and to thin out and ultimately 
combine together into a thin wall or plate of partition, separating the several 
sets of muscles connected with appendages belonging to one somite from 
those belonging to adjoining ones. Independently of being walls of separa- 
tion they are points of attachment on which some of the muscles are securely 
fixed. Not only do they exist near tho lateral margin, but continue in* 
wards and extend forwards until they reach the corresponding processes on 
the opposite side of the pereion, and also anteriorly until they unite with a 
similar system of osseous plates in the adjoining somite. Each plate appears 
to form a basis on which a strong muscle may take root on cither side, thus 
forming a fulcrum for muscular power and a means of separating one set of 
muscles from another. In Palmurus these plates, when they approximate 
the median line, turn over and lie horizontally with the longitudinal axis of the 
animal. These plates thus displayed form a perforated floor on which the 
larger and more important internal viscera rest. This osseous system con- 
tinues from the postmandihular somite persistently to tho penultimate Bomite 
of the pereion, where it is united with the floor of the pereion by a central 
and lateral point of contact. 

The anterior margins of the two halves of the first somite of the pereion 
meet together in tho centre and form an oblique and prominent bridge that 
supports tho posterior portion of the stomachic viscera, while the internal 
processes of the apodema, as they are termed by M. Milne -Ed wards, that spring 
from the posterior two somites of tho cephalon, are closely attached to, and 
at their extremities are perfectly ossified with, the lateral and central parts 
of tho apodema of the anterior somite of tho pereion, a point of union that the 
structure of the animal requires to be of considerable strength, as the enor- 
mous processes of the internal movable mandibular ] 1 - ■ v \i\'\ *■■■ hi. 1 ■ueo 
that their points of attachment necessitate a structure of groater resistance 
and strength than the impoverished character and condition of the two 
posterior somites of the cephalon are capable of securing to thorn, without 
the additional support which they receive from a union of a moro or less 
perfect character with the anterior somite of the pereion. 

The apodema that support the internal viscera are perforated by a series 
of foramina that, while they correspond in form on each side of the central 
line, yet differ in size and shape according to the relative proportions of the 
organism that are connected with them. The dimensions of the foramina, 
through which the muscles move the large and more important appendages, are 
larger and more conspicuous than they that relate to those that move tho 
less efficient and smaller organs of the body. Thus we find that, generally, 
the largest and most conspicuous foramina correspond with the third somite 
of the pereion in Palinurus , Astacus, &c., whereas in those genera where the 
groat pn m n-ilo hand is produced by the increased growth and proportions of 
any other pair of .■:;■■■■ ■ 1 foramina in the apodemal plate correspond 

with tho increase ! '■;■ 'n. 

In the Anomura, of which we will take Lithodes as the type, the internal 
and apodemal plates do not project so as to reach the corresponding pro- 
cesses on the opposite sido. There are only six somites fused together on the 
ventral surface, or, I should rather say, contributing to the formation of the 
sternal plastron ; the seventh somite exists as a separate and distinct ring, 
both dorsally and wentrally free from ossified union with the anterior somites 
of the pereion. 
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, In this genus "the sternal plate, as an anatomical part of the animal, is 
wanting, or represented only in a theoretical character by the median line 
of fusion. 

The coxae are existent without fusion with each other for some extent, 
visible on the ventral surface before their close contact reaches ossification so 
perfect that their line of union is represented by marks of depression only 
on the external surface, and corresponding crests or ridges on the internal 
surface. Dorsally this appears to be similarly repeated, and the lines of con- 
tact are imperfect in their fusion until the plates have thinned out into a 
membrane. Laterally the walls of the coxae of the several pairs of appen- 
dages are so closely compressed that their lines of union are with difficulty 
determined not to bo fused together. That they exist for some distance as 
thin plates in close contact is certain ; but they ultimately reach a point 
where the distinction is lost in perfect ossification. The internal plates ap- 
proach the corresponding ones on the opposite side in the first two somites 
only, which form a bridge that supports the posterior extremity of the stomachic 
region ; behind this the ventral surface rapidly widens, but the apodema or 
internal plates abruptly terminate, leaving a largo expansion for the internal 
viscera to occupy. 

In the Brachyura the central fusion of the sternal plates is still more perfect, 
and the ventral portion of the somites appears to be covered entirely ; this 
exists in a vertical plate that appears to be formed by being compressed 
between the coxse of the corresponding pairs of appendages, the external 
surface of which may bo traced to a sinus (PI. II. fig. 6 a) that opens in the 
median line between the third and fourth somites. The segments of the 
pereion in this order of Crustacea, as may be seen in the genus Cancer , 
are very closely compressed, and apparently overlap each other dorsally, 
while ventrally the several appendages, from their proportionate dimensions, 
preclude the possibility of too close a contact. The consequence is that the 
general arrangement of the entire muscular system that moves tho appen- 
dages or the pereion, together with the osseous structure that supports them, 
is arranged in a circular form, the superior or extensor muscles forming the 
upper or dorsal arc, and the inferior or flexor muscles forming the lower or 
ventral arc. The plate, therefore, that is produced internally in the median line 
is in continuation with the anterior portion of the ventral floor of the pere- 
ion, and is the homologue of the sternal plate. This tendency of the muscles 
to form round a common osseous centre appears to give a similar relation of 
the several somites to one another. Thus we find that the apodema narrows 
the dorsal extremity corresponding to each somite to such a degree that a 
deep notch or fold takes place over the fourth pair of appendages, at which 
point the curvature is greatest (fig. 5). It is this circular portion of the 
muscles that facilitates that peculiar arrangement by which the posterior 
two pairs of legs in Dromia , Doripe , &c. appear to be attached to the dorsal 
surface of the animal, which enables them to adhere to floating pieces of 
wood or weed, or securely attach themselves to univalve shells by means of 
these appendages. 

The pleon, or that portion of the animal to which tho appendages are 
attached which, in their most perfect condition, are adapted for swimming, 
undergoes a great variety of forms. It is perhaps most perfectly developed, 
in accordance with the value and usefulness of its parts, in the Macrurous 
division of Crustacea. 

In the Edriophthalmia it is perhaps more simple in character ; but it is in 
the Anisopoda, or that intermediate stage that unites the Isopoda and the 
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Amphipoda, that we are enabled to determine the true homological relation 
of one part to the other. 

In all Crustacea above the Enfcomostracous forms the several Somites are 
distinguished by a dorsal and a ventral arc. The dorsal is invariably a hard, 
strong, and osseous plate. The ventral arc is mostly represented by an osseous 
band that reaches across the animal, and is united anteriorly and posteriorly 
to the contiguous somites by large and flexible membranous tissues. The 
dorsal arc is wide, and dips under the adjoining one anteriorly in all except 
the second somite in the Macrura, which overrides the plates of the adjoin- 
ing somites both anteriorly and posteriorly. This arrangement does not 
exist in the Edriophthalmia, because, there being no dorsal carapace pro- 
tecting the pereion, all the somites have a separate and distinct dorsal arc. 
The consequence is that each somite posteriorly overlaps the anterior margin 
of the next succeeding ring, except the first or anterior somite of the pereion, 
which overlaps anteriorly the posterior margin of the cephalon and posteriorly 
the anterior margin of the second somite of the pereion. In each of these 
orders of Crustacea we find that the greatest power of flexion is given 
to the animal at these points. 

In all the distinguishable somites of the Edriophthalmia, from one extre- 
mity of the animal to the other, each separate one is observed to support 
laterally a large plate. These, in the pereion, are firmly attached to their 
respective somites, but not ossified to them ; in the pleon they are so united 
by ossific matter that one part is not capable of being separated anatomically 
or distinguished in structure from the other. It is these parts in this 
particular division of Crustacea that originated the idea of the theory of the 
Crustacean somite as enunciated in 1830 b}^ Prof. Milne-Edwards. The 
fact that the supposed side-plates, or epimera, were merely the first joint of 
the normal legs or appendages has been satisfactorily demonstrated in the 
Edriophthalmia, as far as relates to the somites of the pereion ; hut hitherto 
the relation of the sido-plates of the pleon to the normal condition of the 
mobile appondages had not been demonstrated until the structure of the 
-dermal anatomy of the genus Apseudes had been made out* ; that “ one inter- 
esting and, as far as we know, unique feature in these Crustacea yet remains 
to be noticed. The segments of the pleon have the lateral walls (long known 
as the epimera of Milne-Edwards, called also the pleura by many authors) 
existing as articulated appendages, demonstrating two important features in 
the homologiea of these parts: 1st, that they arc all really portions of the 
appendagos, being the first joint or coxoe of the pleopod . . . and 2nd, that, 
since the peduncle consists of three joints, the second branch in the appen- 
dages of the pleon, as in other parts, is shown to take place invariably at the 
extremity of the third joint.” In the Macrura and higher Stomapods the 
coxal joint of the several appendages is united to the dorsal arc in a very 
perfect and complete state of ossification, with the exception of the first 
somite, where there are no appendages, and the sixth, where the coxa is free 
and articulates, with small lateral motions, with the dorsal arc of the respec- 
tive somite. The seventh somite (telson) is reduced in character and altered in 
form; it universally covers and holds the terminal exit of the alimentary 
canal, the inferior arc of which is represented by a membranous tissue. In 
the Ampliipodous order of Crustacea the fifth and sixth somites carry their 
appendages with free coxce, and the terminal somite exists only in the form 
ol* a scale very liable to vary in shape, or separated into two of minute 

* Hist. Brit. Sessile-eyed Crust, vol. ii. p. 146 (Apseudes). 
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dimensions. In the Isopoda the sixth somite only has the cox® free, and the 
appendages attached to them bear no very distant analogy to the homologous 
pair as they exist in the Macrura. In numerous genera of Isopods the 
.sixth somite is developed to a very large size, and either absorbs or displaces 
the terminal somite or telson altogether, which in some genera is repre- 
sented by a notch or cavity only, while in many others it is produced to a 
point or terminates in a smooth and even margin ; with the exception of 
some of the Anisopod genera, the telson probably is absent throughout the 
order of Isopods. 

The form of the pleon in the Brachyura bears as close a resemblance to 
that of the Isopoda belonging to the tribe Liberatica as that of the Macrura 
resembles Parasitica in the same order. 

The coxae or side-pieces, as they have been very commonly supposed to be, 
are, in the Brachyura, very densely ossified with the dorsal arc, and this to 
such an extent in the male animals that it is very difficult to determine their 
presence. In the female, where the lateral development assumes a greater 
extent, the line of union is capable of being determined by a marked depres- 
sion that defines the limit of the somites and the altered position of the appen- 
dages ; but that they are homologically present in both sexes there can be no 
reasonable cause of doubt. This, I think, may be generally depended on — 
that the more the coxa departs from the normal type of the joint, as we see 
in the Macrurous Crustacea, and becomes associated with the dorsal arc of 
the theoretical somite, the more the character of tho appendage becomes sim- 
plified or depreciated ; but, on the other hand, the moro intimately it be- 
comes associated with the ventral arc, the more it becomes developed in its 
connexion with the requirements of the animal, and any variation of form is 
dependant on the value of its position and the habits and necessities of the 
creature. Thus we find that all the appendages of the ccphalon and pereion 
are associated with the ventral arc in the Brachyura and Macrura, but in 
the Edriophthalmia those of the pereion are associated with the dorsal arc; 
whereas the appendages of the pleon are, in all divisions of Crustacea, so 
intimately associated with the dorsal arc that in most cases the coxa is in- 
corporated with the somite, and generally the remainder of the appendages 
disappear or are reduced to merely a rudimentary condition, useful in some 
females for the attachment of ova ; while in the males they disappear more 
or less completely, or in the general conditions of life become variated so as 
to fulfil special requirements or peculiar functions. 

Thus the 21 somites of which the typical Crustacean consists each sup- 
ports in its most simple condition a single pair of j.ppendjigi*:- • and if we were 
to suppose every segment of the animal to be reduced to its most simple cha- 
racter, and the appendages attached to each segment reduced to the most 
simple form of articulated limbs, and all of them uniform in size, the animal 
would bear a close analogy to a segmented annelid. 

This we must take as the archetype of a crustaceous animal, and assume 
that the appendages are attached to the spaces that exist between the dorsal 
and the ventral arcs of each somite. Thus when we observe any extreme 
variation of form, we must consider the earliest and most simple condition of 
the appendage in the archetype; and it is not at variance with our idea' of 
progression to assume that any great departure from the most simple type 
that appears to be common to the entire or a large portion of the subking- 
dom of Crustacea had its origin at an earlier period in the history of its 
evolution. J 

The organs of vision are common to all the Crustacea; and in those species 
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that are blind in their adult condition, the eyes are generally well developed 
in the younger stages. 

The eyes are, independent of their value as organs of vision, of great im- 
portance in the study of the natural arrangement of the various forms of 
animals in the subkingdom. They vary in form and character from the 
most incipient ophthalmic spot to the compound eyo erected on pedestals ; 
but whether single or compound, solitary or in pairs, their form and compo- 
sition is generally so persistent with certain forms and characteristics of thb 
life and habits of the animals that the few exceptions to the general rule do 
not preclude them from being an important and valuable means of arranging 
Crustacea. 

This was first appreciated by Leach, in 1815, in his Classification of the two 
great divisions of these animals. He arranged them under the two great 
heads of Podophthalmia and Edeiophthalmia — or those Crustacea that in 
their adult stago have tho eyes elevated on peduncles or footstalks, and those 
which have them sessile or without any footstalk. To this general observa- 
tion the exceptions are very few. Among some genera that inhabit subter- 
ranean passages and live in the dark, the footstalks are so reduced in size that 
they can only be said to exist theoretically, inasmuch as we find them well 
exhibited in their young and early stage. We must therefore assume that 
they have depreciated from their normal condition through adverse circum- 
stances. On tho other hand, among the Edriophthalmia we have the genus 
Tanais with its compound eyes elevated on their own pedestals, differing from 
the pedunculated form only in being ligid and incapable of movement. . 

In the Podophthalmia the eyes are implanted at the extremities of appen- 
dages that are supported upon a separate and distinct somite. 

In 1837 Prof. Milne-Edwards demonstrated this to he the case in the genus 
Squilla ; in 1854 he states, in his “ Observations sur le Squelotte tegumen-. 
tairc des Crustaces decapodes,” Ann. des Sciences Hat. p. 254, which I have 
since confirmed (fig. 7), that in the genus Palinurus (the Langouste)“ l’anneau 
ophthalmique est parfaitement distinct, et se presente sous la forme d’une piece 
sclerodermique imp air e, courte et large, situec en avant du bord frontal do la 
carapace, et au-dessus de Panneau antennulaire, Les appendices ophthal- 
miques, ou tiges oculaires, naissent des deux extremites de ce segment, et se 
composent chacun de deux articles : une piece quo j’appellerai basophthalmite ,- 
et uno seconde, qui porto a son extremite la corneo transparent^, et qu’on 
peut nommer podophthalmite.” 

. Milne-Edwards in the same maimer shows how in several species of Pali - 
nurus the antero-modian portions of the carapaco project more or less com-* 
pletely over the ophthalmic ring, and so (L c. p.255) ‘‘ par consequent, 
ouvert k ses deux extremites laterales pour lc passage des tiges oculaires, et 
l’espece de cadre ainsi constitue autour de la base de ces tiges forme la por-. 
tion fondamentale de l’orbite ou trou orbitaire .” 

Thus tho orbit in Crustacea is formed by the third or second antennal 
somite reaching over and coming into contact more or less perfectly with the, 
first antennal somite. The greater or less in degree the separation between 
the second and third somite above the ophthalmic somite tho more or less 1 
complete is the orbit in which the eyo is protected. This varies in different 
genera, and is very complete in the genus Cancer (PI. II. fig. 9), where ther 
ophthalmic somite is enclosed entirely by the union without fusion oftheantero- 
dorsal projection of tho posterior antennal somite with the anterior antennal* 
Bomite ; but, according to Milne-Edwards, in tho genus Palinurus this perfec- 
tion of the orbit varies. In P. vulgaris (fig. 8) the ophthalmic somite is naked, 
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in P. frontalis it is covered, and in P. verreauxii it is enclosed; and Milne- 
Edwards observes that many other Crustacea offer examples of these threo 
organic forms. For instance Pagurus coenobites and CalUincissa have the 
ophthalmic somite exposed as in Pal'uiurus vulgaris ; llama r us, C rang on, Pa - 
losmon, Qalathea , Lithocles , Banina, &c. have this somite covered as in 
Palinurus frontalis ; and Homola has the ophthalmic somite enclosed. 

In Astacus the ophthalmic somite is reduced to a minimum extent, and it 
is only partially protected by the anterior projection of the rostrum of the 
carapace. 

Milne-Edwards says that, independently of the somite, the ocular appen- 
dages are formed of threo “ articles ” or joints, a coxophthalmite, a basoph- 
thalmite, and a podophthalmite, but that ordinarily the coxophthalmite is 
rudimentary or obsolete. 

In the genus Aljphceus (fig. 10) and other fossorial marine forms the ocular 
appendage is reduced to an extent that allows the carapace to cover it 
entirely; but in the larval form the organ (fig. 11) is seen to be as well de- 
veloped and as prominent as that of any aquatic species. It is in this way 
we may assume that the sessile condition of the organ in the Edriophthalmia 
(fig. 12) has been attained, first by the contraction or reduction in extent of 
the ocular appendage, so that the anterior wall of the carapace shall cover it, 
and then by the more intimate connexion of the organs with the structure of 
the parts that protoct them, and ultimately with entire absorption of the 
ocular append. igr ; the eye receives its support from the walls of the carapace 
alone. 

Even here tho organs are themselves still liable to depreciation; thus 
those that exist where light is absent (which inhabit doep wells, subter- 
ranean caves, and excavations in tho depths of the ocean) first lose the 
dark colour of the reflecting pigments, which is soon followed by a degene- 
ration of the character and appearance of the lens. In Ampelisca , an Am- 
phipod that lives in muddy bottoms, all the lenses but two have disappeared, 
and the pigment has become red; in the well-shrimp (Xighargus) the only 
trace of an eye exists in some yellow-looking pigment ; while in the Podo- 
phthalmia wo find that Polycheles (Heller), a prawn from the Adriatic closely 
allied to (if not identical with) Didamia from the deep-sea dredging of the 
4 Challenger ? expedition, and another from the Mammoth Caves of America, 
as well as * Nephrops Stew art i (Wood-Mason) from Formosa, have the eyes 
wanting as organs of vision, while they retain them as obsolete appondages. 

The second pair of appendages is the first pair of antennae. These M. 
Milne-Edwards has named (for the sake of convenience in distinguishing them 
from the second pair) the antennules. But as this term is one, in itself, 
that is suggestive of diminutiveness and inferiority, I think that it had better 
be employed as little as possible. Generally speaking, this pair is smaller in 
proportion than the second ; but usually it is of a more highly organized 
structure, and diminishes in dimensions as it becomes important in its 
functional properties. 

The appendage consists, in its normal condition, of three joints, homo- 
typical of the coxa, the basos, and ischium of the true legs in Crustacea. 
These three joints support an extremity that is very liable to vary in form, 
number of branches, and general appearance ; but one of them must be re- 
garded as tho primary branch, inasmuch as it is invariably furnished with a 
set of organs peculiar to it, and found on no other part of the animal. 
These are slender, delicate, membranous, thread-like processes, that are 
liable to vary somewhat in form and size, but are all but universally present 
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in aquatic Crustacea, and which, from their supposed connexion with the 
sense of hearing, I have elsewhere denominated aural cilia . The secondary 
branch is less important, and frequently divides into two or more rami. 
Sometimes these , flagelliform branches are reduced in size to a minimum 
amount, and this generally corresponds with the highest character of the 
organ ; for it appears to be in inverse ratio — the longer and more extensive 
the character of the terminal flagella, the less developed is the structural 
condition of the organ of sense contained within the peduncle ; end, on the 
other hand, tho more developed the sensational organ, the feebler and less 
numerous is the organism and less antenna-like is the general character 
of the distal portions of the appendage. To this very constant condition in 
the aquatic forms of Crustacea we havo a variation in the terrestrial 
species. In the genus Oniscus and allied forms of Isopoda, as well as in 
the littoral varieties of Amphipoda, such as Talitrus , Orchestia , &c., the first 
pair of antenna) are reduced to a minimum proportion consistent with their 
presence, without any increased importance in the structural condition of the 
peduncular joints, as far as I have been able to ascertain. 

In the highest types of Crustacea the coxal joint is considerably enlarged 
( vide pi. i. fig. 8 6, Deport for 1875), and contains within it a complicated 
chamber and highly developed organ of sense ; while in the Macrurous forms 
a less complicated chamber exists, with an external opening into which 
small grains of sand find their way : in others, as first shown by Professor 
Huxley in a species of Stomapod, w r ell-devoloped forms resembling otolithes 
are present ; this Dana has observed, and I have been enabled to confirm in 
a species of Anchistia from Australia (PI. II. figs. 13 & 14). 

In some genera, as My sis among the Stomapoda, they vary in form 
according to sexual distinction. The male animal has the two terminal 
flagella feeble and slender, whilo a fasciculus of strong hook-formed hairs 
are planted on the inner and lower angle of the most distal extremity of the 
second joint of the peduncle, while a similar but less powerful group of spine- 
like hairs are planted on a strongly projecting process on the inferior distal 
extremity of the first joint (PI. II. fig. 15). There are other hairs implanted 
on the lower margin of this joint of a very delicate ciliated character. The 
peduncle of this antenna is very powerful, and there can be little doubt but 
that it is useful as an organ of prehension, most probably employed in se- 
curing the mate. Theso several facts are demonstrative evidence that the 
first pair of antennae are connected with the acoustic properties. 

Of this I purpose treating, as well as discussing the observations made by 
Dr. Hesen in his researches (published in 1864) on the auditory organs of 
the Decapod Crustacea, when I report on the internal structure of the animal. 

Contrary to a possible condition of all other appendages, the coxal joint 
of the first pair of antennae is never absorbed into or fused with the sternal 
portion or ventral arc of the somite to which it belongs. 

The third pair of appendages consists of the second pair of antennae. 
These are often very large and powerful organs, frequently adapted, as 
weapons of offence and prehension. They consist of two divisions similar 
to the first pair, that is, a peduncular and flagelliform part. Of these the 
peduncular consists of five joints, the flagelliform extremity of a strong, 
solitary, multiarticulate rod in its most normal condition ; but it very fre- 
quently varies in form, but never increases in the number of its branches. 

In the Macrura generally the flagellum is produced, on an average, to 
about the length of the animal, and is mostly multiarticulate in its character, 
the small arUculi varying in number and length. Sometimes, as in ScyUarus 
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(fig. 16), it consists of a single disk-like plate. But the greatest tendency to 
Variation in form exists in the Amphipod and Isopod Crustacea. In some 
of theBe it reaches to a very considerable length and is multiarticulate, but 
in others it is reduced sometimes in length, sometimes in form. In Talitrm 
it is reduced without alteration of character to a very small sizo * so it is in 
Hyperia ; but while in the former it stands on a long and powerful peduncle, 
in the latter the peduncle is short and feeble. In Ohelura the flagellum is 
broad, flat, and uniarticulate, and fringed with a dense mass of soft hairs. 
In Podocerus and a few closely allied genera the flagellum is formed of one 
or two large articuli or joints, and the hairs are reduced in number but 
increased in strength, and become hook-like spines. In Corophium the 
whole antenna bears a near resemblance to a true v ■V ’ 1 . and 

is no doubt used to assist in progression, as is mostly the case with Crus- 
tacea that inhabit tubes and hollows of their own excavation or building. 

The peduncle of this antenna is invariably formed of five joints. These 
are : — 

The first, for which Professor Milne-Edwards has suggested, in the memoir 
quoted, the name of coxocerite . This contains within it an organ of sense 
which Milne-Edwards believes to be connected with that of hearing; 
but I think there will be little difficulty, when reporting on the internal 
anatomy, in showing that it is connected with the olfactory sense. In 
the Amphipoda and Isopoda, with but few exceptions, such as Talitrus , 
Orchestic i, <fec., the first joint is free ; but so it is in many of the Macrurous 
forms, such as Astacus , llomarus, &c. But in Palinurus it is strongly built 
into and fused with the ventral arc of the fourth or next approximating 
somite. Those parts are still more closely associated in the Brachyurous 
form, so that it is difficult to determine where the antennae end and the 
region named by Latreille the epistome commences. 

The second joint, named by Milne-Edwards the hasocerite , is generally 
short and supports at its extremity a movable squamiform appendage, to 
which the same carcinologist has given the name of scaphocerite. This 
appondage is constant in all Macrurous forms of Crustacea. It appears to 
be wanting in the genus Palinurus only ; but even hero it is represented, as 
I had the opportunity of showing, in the Report on “ The Marine Fauna of 
Devon and Cornwall,” by a figure of it incorporated in the integument of the 
succeeding joint, as if it were absorbed by pressure against it. 

This appendage (scaphocerite) does not exist in any of the forms higher or 
lower than the Macrura, except Pontia (PI. II. fig. 18) in tho Entomostracous 
forms, and that peculiarly interesting little Isopod Apseudes , in which genus 
We find a small squamiform plate resembling and probably homologous with it. 

The third joint the above author has named the ischiocerite , and the two 
following the mesocerite and the carpocerite , while the multiarticulate 
flagellum, which corresponds “to the penultimate joint of the thoracic 
member,” he calls the proeerite. It is rather a curious oversight that, while 
Milne-Edwards has been most particular in identifying tho several parts of 
the second antennae by an especial name, he has omitted to give any to those 
of the first pair of antennae, the three joints of the peduncle of which -are 
homotypical of the coxocerite, the basocerito, and the ischiocerite of the 
second pair of antennae ; but the flagellum, instead of being homotypical oL 
the proeerite, represents the mesocerite and the successive articulations. 

K In the Macrura generally the joints of the peduncle are distinctly separated 
from one another ; but in some of the higher fornm, such as Astacus, llomarus, 
knd Palinurus , they exhibit a tendency to crowd and coalesce with each other, 
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that is increased in the , Anomura, and carried to such a degree in the 
Brachyura, that in some, as in Menethcens, Leptopodus , Maia , &c., the first 
two or three articulations are not to be distinguished from the surrounding 
structure except by the position of tho olfactory opening. 

In the Canceridic all the joints of the peduncle (PI. II. fig. 17) are fusee 
together and are so closely implanted in the structure of the facial portion o 
the two first somites that they assist more or loss perfectly in forming tin 
walls of the ocular orbit, the several variations of which are made use of bj 
Alphonse Milne-Edwards as a means of assisting him to distinguish the severa, 
genera of the Cancorides from each other, and which, from their easily acces- 
sible position, might be found a convenient aid in assisting to determine 
genera among fossil forms. 

Among the Amphipoda all the several articulations are distinct from one 
another and from the body of the animal, and the olfactory organ is carried 
in a long tooth-like process that is open at the extremity. This arrangement 
is not so distinct in the Isopoda and the terrestrial Amphipoda. It also dis- 
appears in certain abnormal forms of aberrant and parasitic Isopoda. 

Tho next succeeding, or fourth pair of appendagos is among the most con- 
stant in the subkingdom. Within certain limits the mandibles vary with every 
genus, and would form when detached a very certain means of generic diag- 
nosis. In the most simple condition, where they approximate in form to that 
of the poduncular portion of the second pair of antennae, they exist in Nelalia 
(PI. III. fig. 19). But, as stated by Milne-Edwards (“ Squelette tegumentaire 
des Crustacea decapodes,” p. 256, Ann. des Sc. Nat. 1854), the mandibles are 
not appendages simply applied against tho mouth, but occupy of themselves 
a special cavity, flanking on either side tho entrance to tho alimentary canal, 
which, when tho two are brought into ju.M a position in tho median line, they 
generally close. The mandible in JVebaiia (PI. III. fig. 19) is formed of a long 
osseous ■ ■ ■ ■ ■■ ” , and is secured by muscular attachments 

to the internal dorsal surface of the carapace ; a large obtuse-pointed process 
is projected inwards across the mouth, and antagonizes with a corresponding 
process on the ono opposite. This process is very liable to vary in form in 
different genera. Beyond this process, at the root of it, springs a cylindrical 
osseous continuation, at the apex of which are articulated two equally long 
and important joints. These two joints are homologically the same that form 
the small appendicular appendage attached to the mandible of all Crustacea 
(PI. III. fig. 21 ) so persistontly that their absence is a fact to be recorded in the 
structure of special genera, such as Talitrus and Orchestia among the Amphi- 
poda. In^a scientific point of view, this appendage must be part of the 
primary portion of the theoretical limb. This idea also receives confirmation 
in the form of the mandibles of the genus Pontia of Milne-Edwards, where may 
bo observed a secondary ramus attached to the extremity of the first joint of 
the appendicular branch ( PI. III. fig. 20). 

This appendage M. Milne-Edwards, in the nomenclature that he has 
given, proposes to name the protognath ; but the first joint, or true mandi- 
bular portion, he calls the //."/■'/ : ■ *.,;#»»'i >7 » i 1 - . and the second joint the proto- 
basognathite , and the other joints in succession after the names of the 
respective joints in the ideal appendage which they homologically re- 
present. While wishing to give all honour to that distinguished carcino- 
logist for the care and exactitude in determining the several parts of the 
structure of a crustacean by means of a distinct nomenclature, it is with 
regret that I am compelled to admit that they would be more practically 
useful, &nd consequently more generally adopted, if the terms were less 
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lengthy, and with a less redundancy of expression. I shall therefore in this 
report, as far as possible, adopt the terms of definition proposed by Milne- 
Edwards, but omit generally the appendicular term so constantly repeated 
by him. Thus the terms coxa, basos, ischium, mesos, carpus, propodos, and 
dactylos will be sufficient for whatever appendage I may be writing about, 
without repeating the name of the appendage, whether gnathite, j podite, cerite, 
or other, after that of each individual joint. 

But it is only just that Professor Milne-Edwards’s reasons for adopting 
these terms should be reported in his own words. Writing of the appendages 
of the mouth, ho says : — 

“ Depuis les beaux travaux de Savigny sur la bouche dcs animaux arti- 
cles, on s’accorde gcncralement a considerer tous ces organes comme etant 
des homologues des pattes, mais on les distingue presque toujours entre cux 
sous les noms particuliers de mandibules, maehoires propremen t dites et 
machoires auxiliaires ou pattes-machoires ; ces designations spcciales sonfc 
quelquefois utiles ; mais, dans la plupart des cas, il cst preferable de con- 
siderer tous ces appendices masticateurs comme des membres d’un seul et 
raeme groupe organique, de leur donner un nom commnn, et de spccialiser 
ce*nom par Padjonction d’une racine adjective ; on pourrait de la sorte les 
appeler protognathe, deutognathe, etc. et faire entrer le mot gnathite, comme 
racino constant, dans la composition des noms appliques a chacun des articles, 
ou ele'ments sclerodermiques, dont ils sont formes. Ces gnathites scraient 
differencies & l’aide d’un certain nombre de racines adjectives indiquant leur 
position dans le memhre, et lorsquc dans les descriptions zoologiques on 
aurait a en parlor, on pourrait se borner a aj outer aux noms composes, qui 
appartiendraient en commnn k tous les termes'de chaque serie des pieces 
homologues, un numero d’ordre pour indiquer leur position dans cct-te serie 
organiquo. e’est-a-dire les appendices auxquels ils appartiennent. Ainsi je 
proposerai d’ appeler coxognathite , Iasi gnathite, mesognathite, etc. les articles 
qui, dans la serie des appendices maxillaires correspondent au coxite, au basite , 
etc. dans les autres membres, ct d’ appeler premier coxognathite la piece de 
cet ordre qui appartient au protognathite, deuxieme coxognatliite cello qui 
appartient au deutognathite , etc. Ce systeme de nomenclature est a la fois si 
href, si commode et si eminemment significatif, quo je demande aux carei- 
nologistes la permission d’en faire usage non seulement dans les considerations 
morphologique?) dont je m’occupe ici, mais aussi dans les travaux taxolo- 
giques quo je me propose de publier prochainement.” — “ Squeleite tegumentaire 
des Crustaces decajpodes Ann. Sc. Nat. 1854, p, 267. 

The mandible or protognathe is sometimes very large, and at others reduced 
to a rudimentary condition. In Palinurus it occupies on each side one half 
of the breadth of the animal, and to remove the two mandibles is almost to 
decapitate the animal. In some of the parasitic forms it is reduced to a 
rudimentary condition. In the female of Anceus ( Pranisa ) it, with other 
appendages, coalesces to form a probing or lancing instrument that projects 
like a proboscis beyond the head ; while in the male of the same genus the 
mandibles are situated on the anterior margin of the head, and stand pro- 
jecting like a pair of rude irregular antennae. But in this animal the moutk 
is closed, or at most represented by a microscopic aperture, as it, in this 
stage, exists without eating. 

In^ most forms of Crustacea the space that exists between the anterior 
margin of the protognathe or mandible and the posterior margin of the 
epistome is occupied by a fold of the membranous tissue that encloses the 
oral cavity. This fold is frequently ossified and projected into a strong 
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labium or movable lip. It is very conspicuous in young animals, and fre- 
quently in adult forms, particularly among the Amphipoda. It is represented 
by two small osseous disks in Palinurus, and a single small triangular plate 
in Cancer . Corresponding with this labium posteriorly is another that 
protects the opening between the mandibles in this direction. This is also 
supported frequently by osseous plates ; bat this organ is not constantly 
developed beyond a limited extent, except in a few instances. In Palinurus 
it consists of a central osseous plate, having a suture through the median 
line; from this base it projects in two long membranous sacs, supported on 
the outer or posterior surface by one or two osseous plates (PL III. fig. 22). 
It is this organ, it appears to me, that represents and is homologous with the 
lip-plate or metastoma in Eurypterus , Pterygotus, &c., that has been so fully 
described by Huxley, Woodward, and Salter. 

The fifth or next succeeding pair of appendages is that which Prof. Milne- 
Edwards has called the dcutognatho. It is what has been known in popular 
carcinology as the first pair of foot-jaws, and first maxilla or siagnopoda in 
the ‘ History of the British Sessile-eyed Crustacea,’ the latter name being sug- 
gested by Prof. Westwood “as the Greek equivalent for the Latin name of 
the five pairs of appendages succeeding the mandibles, which were collectively 
termed pattes-mdehoires by Cuvier, Savigny,” &c. 

The deutognathe in all’ known forms of Crustacea exists in the adult stage 
in an embryonic condition ; it is small in size, feeble in power, and consists, in 
different genera and families, of a varying number of thin squamiform plates. 
Each joint of the typical limb, as far as present in the adult condition (Pl. III. 
fig. 23), offers no very exceptional distinction from the same in the embry- 
onic stage (fig. 24). 

The tritognathe , or sixth pair of appendages, supports the idea of the adult 
form bearing a close resemblance to that of the zoea or embryonic condition 
still more decidedly (Pl. III. figs. 25 & 26). 

The seventh pair of appendages, the tetartognathe of Milne-Edwards’s 
nomenclature, is the first pair of mdchoires auxiliaires of Savigny, or the 
anterior mdchoires or foot-jaws of most authors. 

These, in the adult Brachyura, are still more embryonic in appearance. 
In Maia and Cancer they are very reduced in size and apparent importance 
(Pl. III. fig. 27) ; but in some less highly developed types, such as the Am- 
phipoda and Isopoda, where they are generally recognized under the name of 
maxillipeds (Pl. III. fig. 28), they assume a more important feature, and 
bear a not very distant resemblance to the typical form from which they 
are supposed to depart. In Nebalia they closely resemble the posteriorly 
succeeding pairs of limbs ; but in this genus the whole of these gradually 
degenerate to the embryonic condition as they recede from this point. 

In the larval or zoea stage of Crustacea they are wanting in the higher 
forms. 

These three pairs of limbs appear to mo to offer an interesting and valuable 
example of the manner in which any great changes in the variation of the 
structure of an animal takes place. The crowding together so to speak of 
the three posterior somites of the ccphalon, so as to bring, as much as possible, 
the several pairs of appendages within the limits of the oral region, so crushes 
them in their position, that their usefulness as separate organs must be much 
impeded. It would therefore appear that the crowding of appendages 
together interferes with and arrests the progress of their development, while 
they are best suited to exist under the altered conditions where they are 
the least inconvenient. That they are of little or no importance in the 
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economy of the animal can, I think, be demonstrated in the habits of thoir 
, a circumstance which, I think, can bo shown in the slight variation of 
their structure in the adult stage from that of tho larval form, to depart in 
the anterior members towards the mandibular form, and posteriorly to put 
on conditions most consonant with the usefulness of the ' :, -r ; 

that is, while the anterior ones feebly approximate the mandibular form, the 
posterior have attached to them parts resembling immatnro branchial organs. 

These seven pairs of appendages are all that belong to tho cephalon or head ,* 
and it appears to me that, however closely any of those that succeed may be 
associated with them in functional purposes, they are homologically distinct, 
and, as members of separate portions of the body, they should bo named 
and distinguished in a scientific nomenclature more in accordance with thoir 
homological relationship than with their functional power. 

The next pair of appendages is the first that belongs to the pereion or 
thorax in the Crustacean type of animals. It is the eighth pair in posterior 
rotation, but is generally named by authors according to its relation to the 
month. It is the pemptoynathe of Milne-Edwards’s more recent nomenclature, 
the second pair of mdcJioires auxiliaires of Savigny, and the second pair of 
maxillipeds or foot-jaws of most carcinologists. It is the fourth nitiyuo/todos 
according to Professor Westwood’s suggestion, and tho first pair of ynatlio - 
poda of the ‘History of British Sessilc-eycd Crustacea,’ according to tho 
nomenclature of the author of this report. 

This multiplication of names for a single appendage, signifying, as they 
severally do, various affinities, is by no means flattering to the students of 
Crustacea; but, to a large extent, it occurs from the circumstance that while 
one anatomist has contemplated tho animal in the adult and highor concen- 
trated forms, others have contemplated it in the more imperfect types. It 
is therefore tho object in this report to bring together these several and 
various discrepancies, and demonstrate the relationship of parts through 
their various degrees of growth and change, and retain by one fixed name 
the same part however it may vary in structure or functional conditions 
through all stages of variation in Crustacean life. 

* In Crustacea the eighth pair of appendages in the structure of the ani- 
mal is the first pair that belongs to the body. In the Braehyura it 
exists in the same typo as is found in the zoca or larva form (fig. 29), 
from which it varies only in the more robust character of some of the 
joints of which it is constructed (PI. III. fig. 30). In this state it varies in 
form and degree only within a limited range, gradually becoming more pedi- 
form in character as we examine it through the Macrura (PI. III. fig. 31) in 
the descending order until we reach Squllla (PI. III. fig. 32), where we find 
it developed as a largo and important organ that gives a decided and distin- 
guishing feature to the animal. Through this genus wo are led to the 
Eriophthalmia (PL III. fig. 33), among which w6 find that in the Amphipoda 
it is formed on the same type as in JSquilla , but gradually .ippnvMcliin^ in its 
general characteristics and appearance those of the succeeding pairs of legs, 
until in the Isopoda it is in most families uniform with them. 

Thus we see that not only in their relation to the body of the animal, but 
also in their most general appearance and affinities they are part of tho 
same system of appendages as those posterior to them, and that their relation 
bo those anterior arises from that crowding together of parts in the higher 
types of Crustacea that forces an abnormal form as the result. 

This pair of appendages, as being the first attached to the “ pereion ” or 
tody of the animal, may with consistency be called, as it really is, the 
irst pair of pereiopoda. But throughout the higher Crustacean forms the 
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first two pairs of appendages are functionally utilized as attendants upon the 
mouth*; and where this is not the case they are formed as organs of prehen- 
sion, more especially among the male animals. This is exemplified even in 
those species, as among the terrestrial Isopods, where the outward form is 
less striking, but the whole appendage is strengthened for grasping purposes. 

The next or ninth pair of appendages is almost if not universally formed 
upon the same type as the preceding. There is a departure in degree to be 
found, more pronounced in the Brachyura, in consequence of the appendages 
crowding so much on one another. Thus, while those that experience most 
the pressure of those that overlap them are precluded from attaining their 
fully developed forms, the external ones, or they that overlap the preoeding, 
have, in order the more perfectly to fulfil their duties, extended their own 
surfaces, so as more effectually to protect the oral cavity, as an operculum 
covering the mouth. 

These two pairs are variated so constantly from the other appendages 
of the pereion that I think it will be found convenient in most cases to 
designate them by distinguishing names. The Reporter has, in the Report 
on the Amphipoda in 1805 and elsewhere, called them gnathopoda, as feet 
or appendages connected with the mouth ; and I see every reason why this 
name should be adoptod throughout the whole subkingdom, as one better 
adapted, both functionally and homologically, than those proposed either by 
Milne-Edwards’s latest nomenclature, or the still less correct ones in popular 
use of previous authors. 

In the larval form the second gnathopod is less advanced than the first, 
but in the adult stage it is larger and more efficient. An exception to this 
exists in Nebalia , where all the append a sc." of tho pereion are developed 
upon an immature or embryonic type. These gradually decrease in power 
and form the more they recede posteriorly. All these appendages exhibit 
the seven joints that are present in the formation of a single limb ; and in 
those instances whore there is a decrease in that number, the joint that is 
wanting is lost at the extremity. This appears to be very general through 
all tho Brachyural and Macrural divisions. 

In the higher forms both pairs of gmifhopod i carry a secondary branch 
as well as another that has generally been known as the “ flabelliform 
appoint"' 1 .” Eor these Milne-Edwards has proposed the name of endognathe 
tor tho primary or internal ramus, exognathe for the external on second 
ramus, and epignatlie for that which is generally known as the “ flabelliform 
appendage,” and mesognathe for the fourth. But as the representatives or 
homotypes. of these same appendages occur in different grades of Crustacean 
form, and whenever they do occur they bear the same relation to the limb 
from which they spring; it would be better that they should consistently 
be known by their homotypical character, rather than vary their name with 
every succeeding appendage. Thus tho flabelliform Mppon finer invariably 
springs from the coxa or first joint, and is homotypi.;*! of ilie branchial 
organs in other pairs of limbs ; another is invariably connected with 
the basos or second joint, and the third has its origin in the ischium or 
third joint. One or all may he suppressed ; but whenever either the 
one or the other is present it has its origin in its own peculiar joint, 
and as such should be identified in any scientific nomenclature. I there- 
fore suggest the names of coxccphysis , hwcpliysi*. and ischiecphysis for the 
several parts *, as branches springing from those joints, in whatever appen- 
dage they may be found. Thus the secondary branch that exists attached to 
the logs in Phyllosoma or the young of Palinurus is an ischiecphysia ; in 
* The name of the joint being compounded with the word «fe0v<ns, sprout or branch* 
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Mysis a very similar appendage is the basecphysis, while the branchieB are, 
in all cases when present, the homologues of the coxecphysis. 

The next five succeeding pairs of appendages are the true legs as they 
exist in the typical forms of Crustacea, and it is from the general appearance 
of them that the higher forms are known as Decapoda, or Ten-footed Crus- 
tacea. In a scientific point of view the name is incorrect and misleading ; 
for in many of the Macrura and the Edriophtlialmia they are twelve or 
fourteen in number, while in the Anomura the departure of the last two 
pairs of pereiopoda from the typical form is as great as the two first in 
many other forms ; consequently the name of Decapoda , as well as Dana's 
name of Tetradecapoda , is both incorrect and homologically untrue. These 
five pairs constitute the tenth to the fourteenth pairs of appendages ; but as 
they are limbs attached to the pereion, I have elsewhere suggested that they 
should be known as pereiopoda. Milne-Edwards, in his nomenclature, has 
not identified them with any distinguishing name ; he merely calls the anterior 
pair, which is cheliform in many genera, by the name of bras (arms), and the 
rest pattes (feet), and it is remarkable that he should identify each one of the 
seven joints that is present in its construction by a distinguishing term ; but 
the entire member he defines by an unscientific but popular phrase that is 
inconvenient, as it is found that the prehensile power is not confined to a 
single pair, hut, as in Astacus and Homarus , is the property of other limbs, 
while in some, as in Scyllarus , it does not exist in any. Carrying this 
observation into other forms, we find that in certain Amphipoda the great 
chelate or arm-like organ exists in the fifth pair of pereiopoda, as in 
Phronima. Thus we see that the power of being developed into a grasping 
forceps or hand exists in each or all the pereiopoda in succession ; therefore 
the term of arm, or bras , is inadmissible in a scientific nomenclature. I there- 
fore propose to call these five pairs of en] »r n d/.cr - Use pereiopoda, in accordance 
with the terms used in the ‘ History of «iie Ifiiu-h Sessile-eyed Crustacea.' 

They invariably consist of seven joints; these arc most distinguishable in 
the Macrura and the lower forms. In the lieport on tho Sessile-eyed 
Crustacea, 1855, the author clearly demonstrated tho several joints respec- 
tively in the Amphipoda. This required no effort on his part to interpret 
in the Macrura, since in Homarus , Astacus , and Palinurxis the general 
points are very distinguishable; hut as wo examine higher in the scale of 
animals, we find that in the Anomura tho coxce of the several pairs of legs 
are gradually becoming absorbed and becoming part of tho ventral surface 
of the body ; and this in the Brachyura is carried still further, inasmuch as 
it is difficult to define how much of the' structure is due to the legs and how 
much to the body, and it is not improbable that the appendages have en- 
croached upon and absorbed the generally more important structure. 

The coxa or first joint appear* to be essential to the existence of the animal, 
inasmuch as it is tin* of ail the more important organs connected with 
the vital existence. The auditory and olfactory senses are situated in the 
coxae of the antennae, and all the branchial appendages have their origin in 
the coxae of the pereiopoda, while the sexual organs, both male and female, 
are implanted in the coxae of the seventh and fifth pairs respectively. The 
next two joints of the limbs may, and in some of the Stomapoda do, carry 
appendages attached to them ; but none of tho joints beyond tho ischium are 
ever so furnished. 

The anterior pair is the one most commonly developed in the higher forms 
into large chelae or hands. It is the more general in tho male than in the 
female, and I have commonly observed that the female chela generally 
:orresponds more closely with the less-developed chela in males than with 
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the greater. Sometimes the male appendage is developed so monstrously 
that they appear inconvenient and burdensome, and are occasionally so long 
that they are useless in an attempt to reach the mouth* Thus in Homarus 
the animal feeds itself with the small posterior pair. In Gelassimus no 
ingenuity on the part of the animal would enable it to reach the mouth with 
the extremities of the large chelate organ. In the proeegB of feeding they 
are useful only as holding food while the animal carries it to the mouth with 
the smaller but more convenient organs. The chela is always formed by the 
greater or less amount-of development that is given to the inferior angle of the 
distal extremity of the antepenultimate joint. This power of production ap- 
pears to be dormant in every limb, since we see it occasionally exhibited in all. 
Thus in Palinurus it is rudimentarily present in the posterior pair of pereio- 
poda, and in the geiiMB Pa gurus it is developed into a small but efficient organ, 
by which the animal cleanses out and removes obstructive objects that may 
have found their way into the branchial chamber, and so fulfils the same 
duties as those performed by the Jiabella attached to the gnathopoda, and 
which are wanting in the Anomura. 

The fact that the coxae of all the legs attached to the pereion are in some 
orders absorbed into the sternal plastron, while they are not so in others, 
offers a ready and safe means by which palaeontologists may determine the 
order to which a fossil Crustacean might belong by the evidence of a single 
leg. Thus it will be seen invariably that seven distinct and free joints are 
visible in the Macrura, while only six are free in the Brachyura ; whereas 
in the Anomura there are six free and one partially so. This evidence 
might be carried still further, inasmuch as in Astacus and Homarus the coxae 
are seen to approximate to each other on the opposite sides closely, while 
in Palinurus they are near anteriorly and broadly separated posteriorly. 

The appendages that follow are those that are modified for swimming. 
When exhibited in the most normal condition, they consist of a long pedun- 
cular stalk supporting two oblong leaf-like plates, surrounded by a fringe of 
small hairs. Sometimes they consist of a scries of multiarticulations, as in 
Ainphipoda ; sometimes of long cylindrical uniarticular branches, as in Cancer . 
In some instances, as in Squilla , there is a third branch that springs from 
the side of the peduncle near the base ; this is so membranous in character 
and ramified in construction, that it is evidently formed for the purpose of 
assisting in aeration of the blood. 

The pleopoda are utilized, according to the habits of the animal, for various 
purposes, and throughout them all their adaptation to propulsion through the 
water is not only the most constant but also very generally associated with 
other offices. 

In the Isopoda they appear to bo the only organs adapted for respiration 
that the animal jjosscsses. Yet their rapid motion is the only means which 
they possess of swimming. 

In the Ainphipoda, it is this latter use alone for which these organs are 
adapted, while respiration is fulfilled by other means. But here only the ante- 
rior three pairs are adapted for swimming purposes, while the posterior three 
are utilized for leaping when on land, or forcibly dashing through the water. 
The Isopoda have only the posterior pair so variated, and the Macrura have two 
pairs; but in this latter order they are more adapted for producing a retro- 
grade motion, darting backwards as they frequently do to avoid unexpected 
and sudden danger. In the Macrurous forms they are also available for the 
purpose of retaining connexion with the ova, and support ing the life of the 
embryo until it is matured. Throughout most of the Macrurous forms the 
pleopoda fulfil this double purpose in the female* a 
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Second Report of the Committee for investigating the circulation of the 
Underground Waters in the New Red Sandstone and Permian Forma- 
tions of England , and the quantity and character of the water 
supplied to various towns' and districts from these formations. The 
Committee consisting of Professor Hull, Mr. Binney, Rev. H. W, 
Crosskey, Captain D. Galton, Professor A. H. Green, Professor 
Harkness, Mr. H. Howell, Mr. W. Molyneux, Mr. G. H. 
Morton, Mr. Pengelly, Professor Prestwich, Mr. J. Plant, 
Mr. Mellard Reade, Mr. C. Fox-Strangways, Mr. W. Whi- 
taker, and Mr. C. E. Be Rance. Drawn up by Mr. De Rance 
(Secretary ) . 

Since the last Meeting of the Association your Committee have continued to 
distribute largely the circular forms of inquiry, and a large amount of valu- 
able information has been obtained, especially as to the deep wells of Liver- 
pool, Birkenhead, Nottingham, and Birmingham. But in several districts, as 
in Staffordshire, important information is promised so soon as works now in 
progress arc completed ; and the members of your Committee taking charge 
of those districts have considered it best to defer making a report until they 
present you with a final one on their particular areas. Your Committee, 
should they be reappointed, have every hope, from promises already received, 
of complying the trust which you hare given them by the next Meeting 
of the Association. 

In the present Report the details of wells in the New Red Sandstone are 
collected, which yield at Liverpool no less than 7,197,330 gallons daily; at 
Birkenhead more than 7 millions ; at Coventry, Birmingham, and Leaming- 
ton 4^ millions ; at Nottingham nearly 4 million gallons; at Warrington 
572,360 gallons ; at Stockport 1,073,820 gallons. 

The largest yield of one individual well is that at Green Lane, Old Swan, 
near Liverpool, the average daily yield of which in 1875 amounted to 
2,533,050 gallons, and the present maximum of which amounts to no less than 
3,243,549 gallons pumped up by three engines, one at least of which is 
always at work, from a depth of 136 feet. 

In regard to the Liverpool wells, it appears to be established by the obser- 
vation of Mr. Beacon, the Borough Engineer, to quote the words of his Report, 
“ That the water in the public wells is regularly sinking to a lower level, or 
that if it he maintained at a constant level, the water capable of being pumped 
is a continually diminishing quantity ” But there is not yet sufficient evi- 
dence to prove what balance of absolute quantity of water still remains in the 
sandstones. of the area capable of being drawn on by additional wells. 

Amongst the borings, of which the details will be found in the present 
Report, is one at Rampsidc, near Barrow-in-Eurncss, which reached a depth 
of no less than 2210 feet from the surface, in a fruitless search for coal. At 
a depth of 250 feet a spring of water was cut in the Permian Itcd Sandstone, 
which yields 13,500 gallons of water daily, flowing out at the top of a one- 
inch pipe, and rising to a height of 12 feet above the surface of the ground. 

The rocks beneath the Permian have been proved by this boring to be of 
Yoredale age, the Coal-measures being absent, as stated would probably be 
the case by Mr. Aveline and other geologists before the boring was ®med 
out. 

An interesting feature in this boring is the presence of petroleum-oil in 
the Yoredale rock near the bottom, which caused the water cut in penetra-* 
ting this sandstone to be much charged with oil. 
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Tour Committee would wish to call attention to the publication, since the 
last Meeting, of the sixth and filial Report of Her Majesty’s Commissioners 
appointed to inquire into the best means of preventing the pollution of rivers. 
The volume treats of the Domestic Water Supply of Great Britain, and in 
it the Commissioners state that the New Red Sandstone Rock constitutes one 
of the most effective filtering media known ; and being at the same time a 
powerful destroyer of organic matter, the evidence of previous pollution, in 
water drawn from deep wells in this rock, may be safely ignored, “ for being 
a porous and ferruginous rock, it exerts a powerful oxidizing influence upon 
the dissolved organic matter which percolates through it. To such an extent 
is this oxidation carried, that in some cases, as in those of the deep-woll 
waters supplying St. Helen’s and Tranmere, every trace of organic matter 
is converted into innocuous mineral compounds.” 

The Commissioners further add that, though the quartz sand constituting 
the bulk of the New Red Sandstone is usually cemented together by carbonate 
or sulphate of lime, the hardness of the water is generally moderate, and of 
a nature that can be softened by lime, according to Dr. Clark’s method, and 
that the “ unpolluted waters drawn from deep wells in the New Red Sandstone 
are almost invariably clear, sparkling, and palatable, and are amongst the best 
and most wholesome waters for domestic supply in Great Britain. They con- 
tain, as a rule, but a moderate amount of saline impurity, and either none or 
but the merest traces of organic impurity. There is every reason to believe 
that a vast quantity of hitherto unutilized water of most excellent quality 
is to be had at moderate expense from this very extensive geological for- 
mation.” 

This area is certainly not less than ten thousand square miles in extent in 
England and Wales, with an average rainfall of 30 inches, of which certainly 
never loss than 10 inches per annum percolates into tho ground, which would 
give an absorption of water amounting to no less than one hundred and forty- 
three millions three hundred and thirty-six thousand gallons per square mile 
per annum, which, on an available area of ten thousand square miles, gives 
an annual absorption of nearly a billion and a half -of gallons in England and 
Wales. 

_ How small a proportion the enormous quantities pumped at various stations 
(as exemplified in this and the previous Report) hear to the available resources, 
will be at once apparent. The abundant balance left will, we trust, ere long 
he made available for those towns and country populations in the Midland 
Counties now suffering all the ills so prolifically springing from a polluted 
water supply. 

Midland Counties. 

Name of Member of Committee askiug for information, Rev. Henry W. 
Crosskey. 

Name of Individual or Company applied to : — 

Waterworks, Coventry. 

1. One 196 ft. deep, one 75 ft. deep, and one 300 feet from surface. 2. 256 
ft. 3. 10 ft., 4 ft. diameter; 290 feet, from 2 ft. to 0 in. 4. 14 feet; difference 
12 hours. 5.800,000. 6. Yes, dimim-died -lighlN. 7. Yes, in a few hours. 8. No. 
9. Red Sandstone and clay. 13. No. 14. Noi oware of any except at Leaming- 
ton. 15. No. 

Birmingham Corporation. 

1. Aston, juxta Birmingham. 2. 295 ft. 3. 120 ft., diameter 10 ft. ; 407 ft., 
18 in. bore-hole. 4. Overflows 10 ft. above surface, 100 ft, ; pump night and day. 
5. 8 million gallons. 6. Not observed to have altered.' 7. Not observed. 
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Grains per gallon. 

8. Total solids 12*88 

Volatile combustible matter . . . * 0*84 

Chloride of lime 0*91 

Nitric-acid ■ 0*00 

Hardness before -boiling 9°*3 

9. 28 ft. ; iron tube though top'sfiil and drift- gravel, the restall sandstone with 
marl and partings and some fine . ’ ■** .■ ; finish of bore-hole in 25 ft. thick of 

marl. 10. Yes. 11. Yes. 12. Nu. 13. i\u. 14. None nearer than Cannock. 
15. No. 

Name of Member of Committee asking for information, T. Mellard Iteade. 
Name of Individual or Company applied to : — 

Learning ton Local Board, per Mr. Bright. 

1. North-east portion of Leamington. 2. 205 ft. 3. 80 ft. deep, 8 ft. diameter ; 
284 ft. deep, 18 in. diameter. 4. Normal level 20 ft. below surface. 5. 750,000 
galls, per day. 6. Works not yet completed. 7. Top of water is 20 ft. above 
river Leam. 8. Analysis attached; water remarkably pure and softy whereas sur- 
face-wells contain very hard water.. 

Analysis of water from the new bore-hole, by Br. Horace Swete, taken from a 
depth of 200 ft. from surface. W ater very clear, almost as clear as distilled water 
• — the smallest point being easily read at a depth of 2 ft. Temperature at well, 
50° Fahrenheit ; requires no filtration. 

Grams per gallon. 

Total solids 20*0 

Chlorides 13 

Sulphates — very sparingly, 

Nitrate— a trace. 

Faint trace of iron. , 0 

Temporary hardness . 5*5 

Permanent ,, 0*5 


12 0 

Tarts per million. 


Free ammonia *000 

Albnmenoidal ammonia. *020 


This water is an extremely pure specimen, even for a deep well, and requires no 
filtration. It contains less than one tenth of. the amount of organic matter than the 
present town supply, and is not only a softer water for domestic purposes, but 
the deposition of carbonates causing incrustation in boilers is considerably less in 
quantity. 

February 2nd, 1875. Horace Swete, M.D,, Analyst. 

9 . Map of strata previously sent, consisting of sandstone of various thickness divided 
by mails. 10 . Yes, 11 . Yes. 12 . Not within a mile, where one is known south 
of Borough, and another two miles icest. 13 . No. 14 . Yes, in the valley half a 
mile south. 15 . Yes ; the first experiniental boring was discontinued in consequence 
of finding, under the saliferous marls, very 'salt water, one layer of this marl being 
more than 100 ft. thick. 


Name of Member of Committee asking for information, C. Tylden Wright.* 
. Name of Individual or Company applied to : — 

The Manager, Nottingham Waterworks. 

1. Bestwood pumping Station, near Nottingham. 3. Depth of shaft 64 yards ; 
size 16 ft. X 10. ft ; two tunnels are driven out from the bottom about 50 yards. 
5 . Maximum quantity pumped fpr 24 hours 3,772,800 galls. ; minimum quantity 
3,456,000 galls. 9 . Pebble beds of the New Bed Sandstone. 

1. Worksop. 3, *Bore-hole 4 inches in diameter, depth 360 ft. 5. Pumping in 
1875, 40 gallons per minute. * < * 

1876. H 
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Shire Oaks Colliery, Worksop. 

1 , Shire Oaks Colliery, Worksop. 3. 3 shafts, 12 ft. diameter. 

Galls. Depth. 

[ Yellow limestone * . . ♦ 400 17 yds. 

5. Water per hour. , < White „ 350 25 „ 

(Dark „ 50 38 „ 

9 . Permian marls and magnesian limestones ; the principal feeder of water occurs 
in a soft coarse sandstone lying on the bottom of the magnesian limestone. 

Papplewick Colliery, through Mr. W. F. Webb, of Newstead Abbey. 

1 . Papplewick, near Annesley. 3. 335 yards shaft. 5. At 3 yds. a little water, 
at 44 yds. 7 in. 18 galls, per minute tubbed out, at GO yds. 50 galls . } below this 
only an increase of 5 or G galls. 9. Drift. 

yds. ft. 

Magnesian limestone at 9 1 

Black shale (coal-measures) 30 2 

First coal 46 0 

Plant impressions 335 0 

13. At 126 yds. 2 ft. a small salt spring, 3 galls, per minute. 

Mr. Robert Stevenson, through Mr. W. F. Webb, of Newstead Abbey. 

1 . Newstead Colliery. 3. Bore-hole at Colliery gives off 25*44 galls, of water 
per minute. New Red Sandstone, near outcrop of the formation. 

Mr. W. F. Webb, Newstead Abbey. 

1. Blidworth. yds. 

3. Depth of well at the Hut 42 

” ” Sham's o In clay, with lime- 

” ” Forstr’s 13 r' fragments 

” ” * orStelS 14 , and gravel. 


Town- 

-pump well 

G 

School well 

5 

Well at C. Clarkes’ 

50 


Waters’ 

40 


Hutchinson’s .... 

40 

j, 

Wilson’s 

39 


Herbert’s 

G 

Town well 

30 

Well at Flairs 

30 

V 

G. Johnson’s 

27 


Dixon’s 

26 


Mount Pleasant . . 

31 


Cresswell’s 

28 


New Lane 

31 


Lucas Cross Lane . . 

34 

)) 

Blidworth Bottom. . 

8 

11 

Long Dale 

26 

Wells at Fishpool 

6-25 


and gravel. 


j>In Sandstone. 


9 . Drift-gravel and clay ; red sandstone ; the water occurs immediately after 
passing through a seam or conglomerate 3 inches thick. At Fishpool is a spring, 
which, after 20 years’ cessation, commenced running during the dry summer of 1868, 
and then stopped, but recommenced in the summer of 1874. IQ. Yes, which supply 
the shallower of the above wells. 

Name of Member of Committee asking for information, W, Whitaker* 
Name of Individual or Company applied to ; — 

Staffordshire Potteries Waterworks, Hanley. * 

1. North Staffordshire, 4 miles S.E. from railway-station, Stoke-upon-Trent (1 in 
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Ordnance sheet, 72N.W.). 2. 615ft 3. Shaft 145 ft. deep, 12 ft. diameter j bore-hole 
500ft. deep, 24 in. diameter. 4. The level of water in this case is kept down nearly 
to bottom of shaft, but the water has been found to fill 900 cub. yards of standage 
drift and rise about 20 ft. up shaft in 24 hours. 5. 900,000 galls. 6. The seasons 
affect this shaft very little ,* the feeders have been permanent during the past 5 years, 
but less than when the shaft was put down (bore-hole in hand at present! 7. No. 
8. Water of good quality ; about 9° hardness. 9. New Red Sandstone (with band 
of marl of considerable thickness), cover about 20 ft. If a section of the shaft and 
bore-hole would be of service I should be glad to supply the same. 10 . About 1 mile 
N.E. there are several copious springs, and apparently quite unaffected by the above 
sinking. 11 . No surface-spring near well. 12 . There are several faults in the im- 
mediate locality. A large fault running about N.JE. f and about 1 mile north of this 
shaft, supposed to be the southern limits of the N. -Staffordshire coal-field; but 
borings just completed to the south have proved coal at a depth of 205 yards . 13. 
None. 14. None to my knowledge. 15. The above well is the only one in the 
neighbourhood sunk for the purposes of water supply. 

Messrs. Mather and Platt. 

1. Messrs. Lonsdale and Adshead, Macclesfield. 3. 12-inch bore, 94 ft. deep, 
5. 66,240 galls. 


Lancashire and Cheshire. 

Name of Member of Committee asking for information, G. IL Morton. 
Name of Individual or Company applied to : — 

Mr. George F. Deacon, C.E., Municipal Offices, Dale Street. 

1. Litherland Road, Bootle, near Liverpool. 2. GO feet. 3. Depth of shaft 
308 ft.; oval, 12'0"x9' 0" *. 4. Pumping continuously, except when stopped for 
repairs. During a stoppage from 50th Jan. to Feb. 18, 1870, the water rose 11 ft. 
above Ord. datum, or 50 ft. above the bottom of the well. 5. Average for 1875, 
1,699,791 galls.; present maximum 1,455,720 galls. 6. See reports herewith. 
7. See No. 4. Effect of local rains not traced. 


8. Copy of Analyst’s last report. 


Total 

solid 

Matter 

in 

Solution. 

- - . . i 

Organic 

Carbon. 

| Organic 
| Nitrogen. 

■ Ammonia. 

Nitrogen 

as 

Nitrites 

and 

Nitrates. 

Total 

combined 

Nitrogen. 

■ Chlorine. 

| Total 
| Hardness. 

Suspended 

Matter. 

gr. 

g r - 

gr- 

gr. 

gr. 

gr. 

gr- 


Clear 

36*6 

•181 

•055 

•002 

•345 

•401 

36 

23J 

and 

bright. 


F 2 ; drift about 12 ft. (pebble beds and “ Lower soft Bunter Sandstone ”). 
10 . No. 11 . The well is lined with brickwork in cement down to the hard rock 
12. Yes. 13. No. 14. No. 

1. Green Lane, Old Swan, near Liverpool. 2, 136 ft. 3. Shaft 10 ft. diam., 
depth 185 ft. ; 1 bore-hole 9 in. diam. for 173 ft.9 in., and 6 in. diam. for 25 ft. 10 in. 
from bottom of shaft ; 1 bore-hole 24 in. diam. for 12 ft., and 18 in. diam. for 298 ft, 
4. There are 3 engines, and the whole are never stopped at one time. . Average 
for 1875, 2,533,050 galls. ; present maximum 3,243,549 galls. 8 . It has diminished 
(see reports herewith). 7. Effect of local rains has never been directly traced. 

* There are altogether about 16 bore-holes in the lodges connected with this well. 
They were sunk many years ago, and records have not been preserved of the details. The 
^pal bore-hole is 6 in. diameter at the top, and its depth from the surface is about 

h2 
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8 . Copy of Analyst’s last report. . 


Total 

solid 

Matter 

m 

Solution. 

Organic 

Carbon. 

Organic 

Nitrogen. 

Ammonia. 

Nitrogen 

as 

Nitrites 

and 

Nitrates. 

Total 

combined 

Nitrogen. 

Chlorine. 

Total 

Hardness. 

Suspended 

Matter. 

g r - 

28 

gr. 

*085 

g r - 

*06 

gr. 

•003 

gr. 

•345 

gr. 

•408 

gr. 

2*72 

0 

20 

Clear 

and 

bright. 


9. Rock F 2 (“ Bunter Pebble-beds ”) ; cover of drift and clay 15 to 20 ft. 10 . No. 
11 . There are none. 12 , Yes. 13 . No. 14 . No. 15 . No. 

1. Dudlow Lane, Wavertree, near Liverpool. 2 . 200 ft. 3 . Depth of well 
247 ft. ; shaft oval, 12' 0"x9' 0" ; depth from surface to bottom of bore-nole489 ft.; 
diameter of bore-hole 18 in. 4 . Pumping continuously except when stopped for 
repairs. Stoppage from 5th to 30th Nov. 1875, water rose to 95 ft. from bottom of 
well. 5 . Average for 1875, 1,103, 307 galls.; present maximum 1,329, 107 galls. 6 . See 
printed reports herewith. 7. See No. 4 ; effect of local rains not directly traced. 


8. Copy of Analyst’s last report. 


Total 

solid 

Matter 

in 

Solution. 

Organic 

Caibon. 

Organio 

Nitrogen. 

Ammonia. 

Nitrogen 

as 

Nitrites 

and 

Nitrates. 

Total 
combined 
Nitrogen. • 

Chlorine. 

Total 

Hardness. 

Suspended 

Matter. 

gr. 

g r - 

g r - 

gr. 

gr. 

gr. 

gr. 

0 

Clear 

18 

‘ 

•C91 

•031 

•G03 

•368 

•402 

2-87 

8 

and 

bright. 


9. F 2 ( (( Bunter Pebble-beds ”) : rock nearly to the surface, only thin cover of 
drift. 10 . No. 11 . There are none. 12 . No. 13 . No. 14 . No. 

1. Lodge Lane, Toxteth Park, Liverpool. 2. 186 feet. 3. Depth of shaft 210 ft.; 
oval, 12' 0"x 10' 0" ; depth from surface to bottom of bore-hole 454 ft.; diameter of 
bore-hole 6'' for 189 ft., 4" for 55 ft. 4 . Pumping continuously, except when 
stopped for repairs. In a stoppage from the 3rd to the 13th April the water rose 
to 50 ft. 6 in. from bottom of well. 5 . Average for 1875, 821,182 galls. ; present 
maximum 876,428 galls. 6. See printed reports herewith. 7. See No. 4 ; effect 
of local rains not traced. 


8 . Copy of Analyst’s last report. 


Total 

solid 

Matter 

in 

Solution. 

Organic 

Carbon. 

Organic 

Nitrogen. 

Ammonia. 

Nitrogen 

as 

Nitrites 

and 

Nitrates. 

Total 

combined 

Nitrogen. 

Chlorine. 

Total 

Hardness. 

Suspended 

Matter. 

gr- 

35 

gr. 

*051 

gr* 

•Oil 

gr* 

•003 

gr. 

•276 

gr* i 
•29 

gr. 

2- 72 

j 

Clear 

and 

bright. 


9 . F 2 (“ Bunter Pebble-beds ”). Cover of drift about 20 ft. 10 . No. 11 . There 
are none. 12 . No. 13 . No. 14 . No. 


Messrs. Mather and Platt. 

1 . Messrs. Roberts and Robinson, Liverpool. 3 . 18-in. bore, 463 ft. deep, 
5. 1,440,000 galls. 9. New Red Sandstone. 
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Namq of Member of Committee asking for information, T. Mellard Keade* 
Name of Individual or Comjmn\ upplicl to : — 

" Ormskirk Local Board. 

1. The well is situate within a short distance from the town of Ormskirk, on the 
N.E. side, and near to Bath Wood., 2. 129*1 ft. above Ordnance datum. 3. From 
surface to bottom of well 60 ft. deep, 7 ft. diameter. There is no bore-hole in the 
’well. 4. Before pumping the water rises to the surface of well ; after pumping 
the water stands 2 ft. deep at bottom of well. Ordinary level restored in 2 hours 
after pumping. 5. 232,000 galls. 6. The water-level varies slightly in summer 
and winter, but has not diminished during the last 10 years. 7. The ordinary level 
is affected by local rains within 24 hours afterwards. 8 . Analysis of the Ormskirk 
water by Dr. Brett, of Liverpool. This water, when left to stand, is perfectly colour- 
less, devoid of odour, and pleasant to the taste j its composition is as follows, the 
amount of ingredients being calculated to the imperial gallon : — 


Chloride of sodium, or common salt 3*20 

Sulphate of lime, or gypsum 1*92 

Carbonate of lime 1*04 

Carbonate of ■ ■ ■’ 0*40 

Oxide of iron ■■ . .. ■ * 0T2 

Total .... 6*68 


9. The strata are, first marl 11 ft., sand 7 ft., the remainder is New Red Sandstone. 

10. Yes. 11. No. 12. Yes, especially a very large fault on the west side of well. 
13. No. 14. No. 15. No. 

Name of Member of Committee asking for information, George H. Morton. 
Name of Individual or Company applied to : — 

St. Helen’s Waterworks. 

1. Eccleston Hill, adjoining turnpike, and at the sandstone-quarry, marked 260 ft. 
above Ordnance datum (see Ordnance sheets). 2. 260 ft. 3. Depth 70 yards, 
diameter 10 ft. ; depth from surface to bottom of bore-hole 388 ft. 4. As the 

^ never cease pumping it is difficult to say, meanwhile the water is practically 
own to one level. 5. 640,000 galls, per day of 24 hours. 6. The yield 
varies at different seasons, but to what extent it is difficult to say : the water has 
diminished during the past 10 years. 7. Yes,* but after a dry summer it takes 8 
or 10 weeks before the 1 or 2 extra hours out of the 24 can be resumed by the 
extra engine. The water-level in wells stands below adjoining streams. 8 . We 
have no analysis ; the water is of very excellen! qualii \ . 9. No drift. The wells 

or shafts are sunk in the New Red Sandstone ioriim!i->ii, through the middle or 
pebble-beds division of the Bun ter, and to a depth from the surface of about 18 ft. 
into the lower division, 70 yards in all. Thus, 


After boring 60 ft. deep, no 
Mu -j strata found — 
I'm: i-, »'0 below bottom of 
well, and in lower formation. 



.0. No drift. 11. No. 12. Cannot speak of those (if anv) with certainty,* none 
>roved. 13. No. 14. No. 15. No. 
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Name of Member of Committee asking for information, Mr* T, Mellard 
Reade, 

Name of Individual or Company applied to ; — 

Messrs. Mather and Platt 

1 . Seedley, near Manchester. 3 . 3 02' x 87"; 382' x 18", 354' X 18”, 167* X 18". 
5. 750,000 galls, from the three holes*. 9. Red Sandstone with bands of raddle. 

1 . Chester Street, Oxford Street, Manchester. 3 . 70' X 4'; 536' x 15*. 5.570,000 
galls. 

1. Messrs. Bayley and Craven, Manchester. 3. 18 in. diameter, 454 ft. in depth. 
5. 048,000 galls. 9 . New Red Sandstone. 

X. Messrs. Aitken Brothers, Manchester. 3 . 18-in. bore, depth 378 ft. 5 . 800,000 
galls. 9. New Red Sandstone. 

1 . Messrs. William Sumner, Manchester. 3. Bore 12 in. diameter, 180 ft. in 
depth. 5. 40,080 galls. 9. New Red Sandstone. 

1 . Messrs. Rylands and Sons, Manchester. 3 . 12-in. bore, 312 ft. in depth. 
5. 90,720 galls. 9. New Red Sandstone. 

1. Messrs. B. I). Brookes, Manchester. 3. 12-inch bore, 259 ft. in depth. 
5. 80,400 galls. 9. New Red Sandstone. 

1. London and Manchester Plate Glass Company, St. Helen’s. 3. 9-inch bore, 
depth 348 ft. 5. 48,000 galls. 9. New Red Sandstone. 

1 . Messrs. A. and .T. Stott, Flixton, Manchester. 3 . 12-inch bore, 284 ft. in 
depth. 5. 317,520 galls. 9. New Red Sandstone. 

1. Messrs. Chadwick and Taylor, Higher Broughton, Manchester. 3. 75' X 10'; 
071' X 15". 5.800,000. 9. See Section. 

1 . The Convalescent Hospital, Cheadle. 3 . 12 in. diameter, 145 ft. in depth. 
5. 55,200 galls. 9. New Red Sandstone. 

1 . Messrs. Ermen and Roby, Patricroft. 3. 18 in. diameter, 315 ft, deep. 
5. 100,800 galls. 9. New Red Sandstone. 

1 .' Salford Ironworks, Manchester. 3 . 18 in. diameter, 212 ft. deep. 5 . 50,000 
galls. 9. New Red Sandstone. 

1 . Messrs. Thoms, Chadwick, Salford. 3. 12-inch bore, 432 ft. deep. 5. 50,000 
galls, 9, New Red Sandstone. 

X. Messrs. J. J. M. Worrall, Salford. 3. 18 in. diameter, depth 400 ft. 5. 480,000 
galls. 9. New Red Sandstone. 

1. Messrs. Roberts, Dale & Co., Combrook. 3. 9-inch bore, 178 ft. deep, 
5. 30,000 galls. 9. New Red Sandstone. 

Name of Member of Committee asking for information, George H. Morton. 
Name of Individual or Company applied to : — 

Birkenhead Commissioners, per Mr. W. T. Callow, Water Engineer. 

1 . Elaybrick well, Birkenhead. 2. 176 ft. 3 . Shaft 205 ft., 16 ft. X8 ft.; 
the bore-hole 322 ft., 18 in. wide ; the bore-hole 773 ft., 18 in., Aug. 11, 1876f. 
4 . 156 ft. from the surface. 5 . Usually 1J million galls, in 13 hours; 2 or 3 mil- 
lions have sometimes been obtained by continuous pumping for 24 hours. 6 . No. 
7 . A little additional in wet seasons. 8. Result of analysis expressed in parts per 
100,000 1— 


* The three bore-holes are all in the same well, and the water rises into well, and is 
pumped up to the surface. 

t in progress and will probably be 800 ft. ; the deepest in the neighbourhood of 
Liverpool, 
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Total solid matter in solution . . . * . 15 

Organic carbon , . *074 

Organic nitrogen . . *066 

Ammonia * *002 

Nitrogen as nitrites and nitrates *345 

Total combined nitrogen. *413 

Chlorine ...» . 3*7 

Hardness, total 4J° 


Suspended matter clear and bright. 

9. No drift ; base of Keuper Sandstone, upper soft Bunter Sandstone, Pebble-beds. 

10 . No drift. 11 . There are none. 12 . There is a fault close to the well, with a 
throw of about 70 ft. 13 . No. 14 . No. 15 . No. 


George H. Morton, Birkenhead Commissioners, per Mr. W. T. Callow. 

1. Spring Hill, Olnughton. Bi rhvih ■nd . 2. 125 ft. 3. Shaft 95 ft. deep (2 shafts 
7 ft. diameter); bore-hole 395 ft. from surface. 4. 115 ft. from the surface. 
8. 5 million galls, per week are obtained by pumping night and day. 6. Does not 
vary ; has diminished 20 ft. since 1858. 7. No, 8. Result of analysis expressed 
in parts per 100,000: — 


Total solid matter in solution 21 

Organic carbon *110 

Organic nitrogen *0(52 

Ammonia *002 

Nitrogen as nitrites and nitrates .... *253 

Total combined nitrogen. *317 

Chlorine 3*1 

Total hardness 10J° 


Suspended matter clear and bright. 

9 . No drift; base of Keuper Sandstone; Upper soft Bunter Sandstone. 10 . No 
drift. 11 . There are none. 12 . No, not very near. 13 . No. 14 . Na. 15 . No, 


Wirrell Waterworks Company, Prenton, Birkenhead. 

1. Prenton valley, 3 miles S.W. of Birkenhead. 2 . 80 ft. 3 . 90 ft., diameter 
about 12 ft., bore 295 ft., diameter 18 in. 4. G8 ft., fills rapidly pumping. 
5. About 2,000,000 galls. 6. No. 7. No. 8. Very pure and good. 9. Bouider- 
clay about 10 ft., the rest Upper Bunter, but the bore-hole chiefly in the pebble- 
beds. 10 , No. 12 . Only of the ordinary kind. 13 . No. 14 . No. 15 . No. 

1. Wirrell Waterworks, Oxton, near Birkenhead. 3 . 22 f 6" X 4', 369'X 15". 
5. 750,000 galls. 9. White and Red Sandstone, chiefly red. 


Tranmere Local Board, per Mr. W. A. Richardson, C.E. 

1 . Happy Valley, western side of the township of Tranmere. 2 . 89 ft. 15 in., 
3 . 128 R., 9 ft. diameter of shaft; bore-hole 250 ft., 9, (», 4 in., and 130 ft. 
15 in. from bottom of well ; 378 and 318 ft. from surface. 4 . 78 ft. 8 in. below surface. 
5. 720,000 galls. 6. No ; it has diminished 9 ft. 6 in. in 10 years, but only 2 ft. 1 in. 
during the last 8 years. 7 . No ; 23 ft. <2 in. above sea-leveL 8 . Clear, pure, and 
tasteless ; about 8*75 degrees of hardness; analysis : — 

Grains per gall. 

Free ammonia 0*0035 

Ammonia derived from organic matter 0*0018 

Organic matter, exclusive of nitrogen 0*0180 

Carbonate of lime and magnesia 5*8770 

Carbonate of soda 1*6960 

Sulphate of lime , 3*5720 

Nitrate of magnesia 0*9640 

Chloride of sodium 3*8440 

Silicic acid, a mere trace. 

15*9763 

9 . 15 ft, of drift ; no clay : Upper soft Bunter Sandstone. 10 . No. 11 . There 
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are none. 12 . One. about ,150 .yards to the east’ of well. 13 . No. 14 . No. 

15 . No. ....... 

. . Wallasey Local Board. 

1. Township of SMOombe, parish' of Wallasey, county of Chester, between 
the Great Float, Bfrkbnhe&d; and River Mersey. 2. About 20 ft. 3. 90 ft. ; 
246 ft., 12 in. and 8 ill, diatuotets. 4 . If at rest many hours, about 16 ft. before , and 
after pumping about* 50 ft. from surface. 5: Present machinery has pumped about 
f million galls, per diem ; it is estimated that at least twice can be by addi- 
tional boring, &c. (in hand). 6 . Does not vary much; diminution^ during time 
named, due to increased pumping. Cannot say otherwise, as engine cannot be 
stopped long enough to test the question. 7. Not perceptibly. Level when at 
rest would stand a few feet above mean lii_rli-\\nii r level, 8. Have not an 
analysis at hand ; water about 6° of hardness (Clark's test) ; water very good and 
clear. ' 9 . Section sent herewith : — 


Red marl 

Sand and marl .... 

Marl 

Clay and sands. . . . 

White rock 

Red rock 

Grey rqck 

Hard red rock .... 

Soft red rock 

Bottom of bore -hole 


ft. 


to 

tt 

V 

V 
» 
79 

V 


78 

87 

Oil 

96 

108 

164 

176 

198 

246 


at 600 


11 . Yes. 12 . It is believed so. 13 . No. 14 . Not aware of any. 15 . Not aware 
of any deep ones, 

Mr. William Inman, J.P. 

1. Upton, 4 miles W. of Birkenhead. 2. About 100 ft. 3. 173 ft., diameter 
about 8 ft. ; bore 278 ft. diameter, and 6 in. wide. 4 . About 100 ft. above Ord- 
nance datum. 5 . Not known. 6. Not known. 7 . Not known. 8 . Very good. 
9. Allred marl of Reaper. 10. No. 12. One about a mile E. of the well, which 
brings the Upper Bunter and red marl in contact. 14 . No. 


Name of Member of Committee asking for information, T. Mellard Reade. 
Name of Individual or Company applied to: — 


Messrs. N. Matbieson & Co., Widnes. 

* 1. Our own, No. 1 well, at N.E. end of works, Widnes. 2. 10 ft. 3. 4 ft. 
6 in. diameter X 30 ft. deep ; bore-hole 366 ft. from surface, 6 in. diameter. Before, 
about 6 ft. from surface ; after 5 hours, about 25 ft. from surface. 5. About 2000 
galls, per day of 12 hours. 6 . Not being used. No means of testing. 7. No. 
8 . No analysis taken ; moderately good. 


ft. in. 

9 . Marsh clay 7 0 

Quicksand 23 0 

Brown clay # 10 0 

Quicksand 6 0 

Boulder-clay 90 10 

RedTock* - 275 2 


10 . Little, from quicksands. 11 . Not entirely. 12 . Boring in the fault. 13 . No. 
14 . No. 15 . None. 


Messrs. Sullivan & Co. r British Alkali Works, Widnes. 

1. We have two wells; Nos. 1 and 2, at these works; they are about 500 yards 
apart, and each about 300 yards from the River Mersey. 2. No. 1 well is about 
25 ft., and No. 2 well about 15 ft. above the mean sea-level. 3. No. 1 well, for a 
depth of 27 ft. from the surface is 6 ft. diameter, for a further depth of 31 ft. is 
5 ft. diameter, equal 58 ft. total depth of well from surface ; the bore-hole is 396 ft. 
deep from surface x 4 in. diameter. No. 2 well, for a depth of 38 ft. from the sur- 
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face is 10 ft/ diameter, for a further depth of 22 ft. is 8 ft. diameter, equal to 60 ft. 
total depth from surface; the bore-hole is 409 ft. deep from .-urfacox 1 1 in dia^ 
meter. 4 . No. 1 well : water stands 10 ft. from surface before pumping, and takes 

4 to 5 hours to rise to the same level again after pumping. No. 2 well : water 
stands 6 ft. from surface before pumping and takes 1 to 2 hours to rise to the 
same level again after pumping. 5. No. 1 well about 70,000 galls, per 12 
hours: No. 2 well about 300,000 galls, per 12 hours. 6 . At No. 1 well the 
yield is less during the summer months than the winter months, and the yield 
is much less all the year round than it was when the well was first sunk some 
7 years ago. No 2 well has only been finished some six months ; no variation in 
the yield has yet been perceived. 7. Not when the water from the quicksand is 
kept out of the well. In No. 1 well the water-level is about 15 ft., and in No. 2 
well about 9 ft. above the mean water-level of the River Mersey, which is the 
nearest stream. 8. The waters from both wells yield about 24 grains of solid matter 
per gallon when evaporated down ; chiefiy salts of calcium. 9. No. 1 well : 2 ft. 
.of soil, 30 ft. of strong brown clay, ] 7 ft. of quicksand, 2 ft. 9 in. of sand and pebbles, 
01 ft. of strong brown clay, 5 ft. of quicksand and pebbles; remainder Red Sand- 
stone. No. 2 well : 2 ft. of soil, 28 ft. of strong brown clay, 21 ft. of quicksand, 61 
ft. of soft clay ; remainder Red Sandstone. IO. No ; the quicksands passed through 
of course yield water. 11 . Yes ; the water from quicksands is kept out, but can be 
•turned in at pleasure. 12 . No. 13 . No. 14 . No. 15 . We are not aware of any. 

The Sankey White Lead Company. 

1. On the works of the Sankey White Lead Company Limited, Sankey Bridge, 
near Warrington. 2 . About 25 ft. P 3 . 33 ft. 4 in. from surface to bottom of well, 

5 ft. 6 in. diameter ; 100 ft. from surface to bottom of bore, 8 in. diameter. 4 . 3 ft. 
0 in. from surface, height to which the water rises ; rose-23 ft. 4 in. in 4 hours. 5. 40 
galls, per minute. 6. No perceptible variation ; only at work from 5 to 6 years. 
7. No observations. 8. No accurate analysis. 9. No rock was met with. Sec- 
tion as follows : — 


ft. 

Soil 1 

Sand and gravel 6 

Clay with boulders 45 

Sand and gravel 2 

Clay as above 25 

Sand and gravel 5 

Clay with thin bands of gravel. . 15 


c}Wet. 

0 Absolutely dry. 

0 Spring of 15 galls, per minute. 

0 A little increase of water; drift coal. 

i Bore ends in a bed of clean gravel, 
about 3 ft. thick; the last 15 ft. 
increased supply to 40 galls, per 
minute. 


100 0 

11 . All surface-springs kept out. 12 . We know of none. 13 . No. 14 . Not very 
near. 15 . In Warrington bores have been abandoned from this cause. 

Messrs. Mather and Platt. 

1. Warrington Wire Company, Warrington. 3. 18-incli bore, 212 ft. deep. 
5 . 63,360 galls. 9 . New Red Sandstone. 

1. Messrs. Roberts, Dale and Co., Warrington. 3. 9-inch bore, 225 ft. in depth, 
5 . 28,000 galls. 9 . New Red Sandstone. 

1. Messrs. Jas. Owen and Co., Winwick, Warrington. 3. 18 in. diameter, 
212 ft. deep. 5. 461,000 galls. 9 . New Red Sandstone. 

Win. Wood-Blake, Esq., Warrington House, Northwich, Cheshire. 

1. Alsager boring, within 300 yards of Alsager Railway Station. 2. 310 ft, 
3 . Tapped water at a depth of 553 ft. in a 3-inch bore-hole. 4 . The water rises to 
the surface, supplying first a 4-inch . bore, then a 5-inch bore at the top ; when a 
3- inch iron tube is screwed on the 5-inch tube, the water rises to 10 or 12 ft. above 
the surface. 8 . Has been analyzed, and is very pure and soft, and suitable for brew-* 



&EPORT — 1876* 


106 

ing purposes. 9. Passed through red marl and grey rock, with thin bed of gypsum, 
to the red sandstone rock, when the water was met with ; continued the bonng in 
the red sandstone to a depth of nearly 1000 fit., but the water was not increased 
thereby. 10. No. 11. This is a report of boring operations. 12. Within 1 mile. 
13. No. 14. Within 2 miles. 15. No. Within •§ a mile of the above boring there 
is a large mere, called u Alsagser Mere,’’ 11 acres in extent, with neither an inlet or 
outlet on the surface, the water of which is very clear and pure. This lake ebbs 
and flows, rising sometimes even in very dry seasons, 

Messrs. Mather and Platt. 

1. Stockport Waterworks, Wilmston. 3. 12-inch bore, 170 ft. deep. 8. f)4,700 
galls. 9. New Red Sandstone. 

1. Messrs. Charles Marsland, Stockport. 3. 12-inch bore, 182 ft. deep. 5- 30,660 
galls. 9. New Red Sandstone. 

1. Messrs. R. Sykes and Co., Stockport. 3. 18 in. diameter, 42 4ft. in depth* 
5. 806,400 galls. 

1. Messrs. J. E. & W. Christy, Stockport. 3. Diameter 12 in., depth 228 ft. 5. 

8,200 galls. 9. New Red Sandstone. 

1. Messrs. S. & T. Carrington, Stockport. 3. Diameter of bore 12 in., depth 190 ft. 
5. 60,000. 8. New Red Sandstone. 

X. Messrs. Robert Orme, Stockport, 3. 12 inches diameter of bore, depth 192 ft* 
5. 24,960 galls. 

1. Messrs. Bayley & Co., Stockport. 3. 18-inch bore, 274 ft. deep. 5, 30,000 
galls. 9. New Red Sandstone. 

Name of Member of Committee asking for information, C. E. De Ranee, 
through Mr. W. S. Aveline. 

Name of Individual or Company applied to : — 

John Vivian, C.E., for the Diamond Boring Company, Furness District. 

1. Rampside, near Barrow-in-Furness. 2. 25 ft. 3. 8 in. hole at surface and 
3 in. at bottom ; 2,210 ft. deep. 4 . Water cut at 250 ft. from surface, and will rise 
about 12 ft. above surface in an inch pipe. 5. 13,500 galls, flowing out of hole 
daily. 6. Always running about the same quantity for the past 4 years. 7. A 
beck runs within 5 ft. of hole, but at 5 ft. lower level than top of hole. 8. Peculiar 
water was cut in the petroleum-hearing sandstone, but it only flowed from that 
place for a short time. 9. Water was cut in the New Red Sandstone ; drift 
about 100 ft. thick, consisting of gravel, sand, boulder-clay and cobbles. 10. No; 
but a little water was found on top of rock. 11. Tubed out of hole. 13. Brackish 
water impregnated with petroleum-oil. 14 . None. 

Yorkshire. 

Messrs. Mather and Platt. 

1. Messrs. Bolckow Vaughan, Middlesboro’. 3. 18 in. diameter, 1132 ft. deep. 
5. 806,400 galls. 9. New Red Sandstone, See section of upper portion, previ- 
ously published in last report. 

Name of Member of Committee asking for information, C. Fox-Strangways* 

Name of Individual or Company applied to * 

Messrs. Steward and Sons.* 

1. Messrs. Steward & Sons, Comb Works, Walmgate Bar, York. 2. About 60 ft. 
3 . 8 yards to bottom of shaft, 46 yards to bottom of first bore-hole, 129 yards to 
bottom of second. 4 . Water stands at about 22 to 23 ft. from surface. 5. 600 
galls, per minute from 3 bore-holes. 

# The present owners of these wells do not appear to know much about them ; there- 
fore I have filled in the form from information previously obtained, and from my own 
personal knowledge of the locality. — O. F.-S. 
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yards. 


9. Olay and stones , * * 8 

Sand . 20 

Fine sandstone 18 


48 

The other bore-hole went to a depth of 129 yards. 10. Probably. 12. The geology 
of the solid strata around York is too much obscured by drift to be sure on tins 
point, 13. No, 14. No. 15. No, 

Rev. R. D. Owen. 

1, In the centre of St. James’s Square, Borobridge. 2. I believe about 30 ft. 
3. 256 ft., diameter 4 in. bore-hole. 4. Before 17 ft; after 36 hours pumping a 
reduction of 2 inches in the bore-pipe. 5. Number of gallons would depend on 
the kind of pump used. Supply of water is supposed to be unlimited. 6. The 
pump above is not yet in full work ; wells in this neighb-mihood vary very little 
at different seasons of year. 7. Surface-water cut off to depth of 158 ft. from top 
by iron (30 ft. 6 in.) and copper (158 ft.) pipes. 8. Vide analysis already sent to you. 
9. Soft red sand with boulders in it 28 ft. thick ; remainder New Red Sandstone, 
with about 4 layers of red marl 3 to 4 in. thick. 10. Yes. 11. Yes. 12. No. 

13. No. 14. No/ 15. No. 

Messrs, Brett, Sparringate, York. 

1. My own. 2. 18 ft/ 3.80 ft. 4. 6 ft. from surface. 5. Constant flow 14-inch 
pipe. 6. Not more than 2 ft. at any time. 7. Not at all ; not any communica- 
tion. 8. Much peculiarity ; analysis enclosed. 9. Clay, sand, white sand, at 70 ft;, 
at which depth a piece of oak was pulled up in good preservation ; 100 ft. iron- 
stone and sand ; sand continued more or less to 130 ft. ; gravel, sand, and water, 
came up pipe out of ironstone at 180 ft. 10. No. 11. xes. 12. No. 13. No. 

14. Do not know. 15. Not to my knowledge. 

Dr. Gill, Bootham Asylum, late of the North Riding Asylum, York. 

1. North Riding Asylum, Clifton, York (north side of Asylum). 2. 40 ft. 
3. There is no well ; bore-hole begins at surface ; depth of bore-hole 232 ft. 9 in. ; 
diameter 12 in. at surface, narrows to 6 in. 4. 8 ft. from surface before pumping ; 
after pumping 24 hours, at 7000 galls, an hour, water lowered 9 ft. from water-level. 
5. 70,000 galls, have been pumped a day without altering the level of 17 ft. from 
surface. 6. I do not know. 7. I do not know. No surface-water can get into 
the bore-hole, as it is tubed with an. iron pipe nearly to the bottom. 8. The water 
is an ordinary hard water ; contains only a small percentage of sulphate of lime, 
but quite an appreciable quantity of iron ; it is very drinkable. 9. 1st, 7 ft. of 
sand ; 1 ft. of peat moss ; 13 ft. dense blue clay ; 23 ft. dense blue clay, containing 
boulders, many of which are ice-worn ; 10 ft. red sand ; 16 ft. soft red sandstone 
(with layers of slate f ) ; 23 ft. white sandstone ; 25 ft. red sandstone, with layers 
of red clay and soft slate ; 10 ft. white sandstone ; 6 in. red clay ; 20 ft.’ red sand- 
stone ; 8 ft. white sandstone ; 1 ft. red clay ; 15 ft. white sandstone ; 3 ft. red sand- 
stone; 2 ft. white sandstone, containing large quantities of water; 11 ft. white 
sandstone ; 42 ft. red sandstone to well-bottom. 10. Yes. 11. Yes. 12. Not that 
I know of. 13. No. 14. Not salt springs, but some iron springs much stronger 
than this water has been found in boring in York. 15. Not that I know of; the 
bore-hole, I hear, was discontinued on account of the large quantity of iron the 
water contained. 

APPENDIX. 

Abstract of Analysis of Waters from the New Red Sandstone given in the 6th 
Report of the Royal Commission of Inquiry into the Pollution of Rivers. 
(Table, p. 108.) 

The numbers in the Table can be converted into grains per imperial gallon 
by multiplying them by 7, and then moving the decimal point one place to 
the left. The same operation transforms the hardness in the Tables into 
degrees of hardness on Clark’s ssale. 

* This must probably mean 18 ft. above level of River Ouse. The well is about 30 ft 

ove soa-leveL 
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Birkenhead, Cheshire. 

Well at Springdiill Waterworks 

Well at Flay brick-hill Waterworks. . . 
Birmingham. 

Well at Messrs. R. Heaton’s Mint ... 

Birmingham Waterworks. 

Aston Well ; 

Perry Well 

Shortheath Well, Witton 

King’s Vale Well 

Kidderminster. 

Well in Messrs. Brent on’s Carpet Mill 
Liverpool Waterworks. 

Soho Well (closed) 

Bootle Extension Weil 

Green Lane Well 

Dudlow Lane Well 

Wmsor Well 

Water-Street Well 

Nottingham. 

Mr. Thackray’s Well in town 

Water Supply from Baythorpe Well 

Mr. Fisher s Well 

Bay thorpe Well, Nov. 1871 

Sr. Helen’s, Lancashire. 

Waterworks Well 

Tranmere, Cheshire. 

Water Supply, Mav 1868 

Wallasey, Cheshire. 

Water Supply 1 
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Fourth Report of the Committee, consisting of Professor IIarkness, 
Prof. Prestwicii, Prof. Hughes, Rev. H. W. Crosskey, Prof. W. 
Boyd Dawkins, Dr. Deane, Messrs. C. J. Woodward, L. C. 
Miall, G. H. Morton, and J. E. Lee, appointed for the purpose of 
recording the position , height above the sea , lithological characters, 
size, and origin of the more important of the Erratic Blocks of 
England and Wales, reporting other matters of interest connected 
with the same , and taking measures for their preservation . Drawn 
up by the Rev. H. W. Crosskey, Secretary . 

The Committee has pursued the same course as during former years. The 
time for generalization has not yet arrived. There are many erratic blocks 
scattered over the country as yet unrecorded, and their character and distri- 
bution will largely affect any conclusions that may ultimately bo reached. 
The Committee has for its present duty the collection of facts ; when its 
labours have resulted in a complete account of the isolated boulders and 
groups of boulders of England, Wales, and Ireland, material now unavailable 
will exist for theoretical discussion, and many important incidents in the 
history of the glacial epoch will be more accurately determinable. 

The importance of the work undertaken by the Committee continues to be 
emphasized by the destruction which is constantly going on. War is waged 
upon the boulders (which in many cases are our only source of information 
respecting the epoch to which they belong) by agriculturists, and builders, 
and road-makers with unceasing energy. They are built into walls, buried 
in the earth, used as foundation-stones, and often blasted to pieces ; their 
preservation is difficult to secure, on account of their interference with tl,ie 
culture of the land. In a few years it is not too much to say that the evi- 
dence of glacial phenomena will in many districts be almost effaced. 

The Committee directs attention to (1) tho distribution of erratic boulders 
from different centres of ice action ; (2) the agencies by which they have 
been transported ; (3) the different periods in the glacial epoch to which they 
belong; (4) the heights above the sea at which they are* found, iiuTh ati'i^ 
large changes in physical geology. 

The schedule ot inquiry, indicating the various points of the information 
required, printed in a former Report, has been issued, and copies may always 
be had on application to the Secretary of the Committeo. 

Devonshire. 

A Very remarkable group of boulders has been reported upon by Mr. 
George Doe, of Great Torrington. 

It is found in tho estate of Rivalton, in the parish of Langtree, Devon 
about four miles from Great Torrington, ' 1 

The dimensions of the largest boulder of the group are 13 ft. x 6 ft. x 3 ft. 
It is subangular in form ; but there are no groovings or striations. It rests 
on clay, close to a small brook, and is about 500 feet above the sea-level. 
The only legend connected with it is the old story of its having been thrown 
by the Devil. 

At the distance of about 25 ft. N.E. is another boulder 3 ft. x 3£ ft. x 2| ft. 
At a distance of 35 yards are six small boulders, cropping out from the 
ground. 



ON THE ERRATIC BLOCKS OF ENGLAND AND WALES. Ill 

At a distance of nearly half a mile are three more, similar to the last men- 
tioned. 

Near them is a deposit of flints in clay and a gravel-pit. 

All these blocks except the first are south of the large boulder. 

These boulders consist of felsite, resembling that in many of the u Elvans.” 
A felsitic Elvan, at Tresavaen, Gwen-nap, Cornwall, cannot be discriminated 
from them. Possibly, however, a nearer locality may be found. 


Oxfordshire., 

Professor Prestwich describes a boulder found last summer, near Oxford, 
in a bed of subangular flint-gravel (high-level river-gravel), at Wolvercote 
hrick-pit, on the high road from Oxford to Woodstock, at an altitude of 
about 40 feet above the level of the river Isis. 

It consisted of a mass of hard saccharoid sandstone of concretionary origin, 
some portion of it broken away, and the broken edges quite angular; it 
weighed about three tons. It bore no trace of icc-scratches. There were no 
fossils to identify the sandstone ; but from general characteristics, Professor 
Prestwich thinks that it is of Tertiary origin. Several smaller boulders, of 
from | to 2 or 3 ft. cube, more or less worn, were dispersed irregularly 
through the gravel, which is scarcely at all stratified, and contains no fossils. 


Midland Counties. 

Dr. Deane and your Secretary have examined numerous boulders in the 
neighbourhood of Harhorne, to W. and S.W. of Birmingham, between the 
Hagley and Bristol roads. 

One hundred and sixty rounded and subangular masses of stone have been 
examined in this district. Fifty-five of these are clearly traceable to local 
rocks — Carboniferous, Permian, or Triassic; the remainder are of distant 
origin. 

Very few of these travelled boulders are in situ . They have been rolled 
or dragged off the land into ditches and by roadsides. Some, when the size • 
has been, convenient, have been used by the “ nailers 99 of the district for 
hammering (or rather anvil) purposes. 

Ninety are of the varieties of felstone so abundant in the Bromsgrove 
district. About half of these are of small size. Five are of considerable 
magnitude — 5 ft. 6 in. x 5 ft. x from 2 to 3 ft. ; the rest are from 2 to 4 ft. in 
length and breadth, with variable thickness. One of these felstone boulders 
(near Hole Farm, Moor Street, about two miles east of Hales Owen) is 
worthy of special notice. Its dimensions are 3 ft. 6 in. x 2 ft. 6 in. x 2 fib. ; 
and it contains in one specimen the three characteristics named in a previous 
report as occurring separately in the boulders of Bromsgrove. A compact, 
almost hornstone-like matrix contains distinct included fragments and por- 
phyritic felspar crystals. This specimen, therefore, confirms the view that 
these felstone boulders, which are so numerous to the west and south of Bir- 
mingham, as far as and beyond Bromsgrove, are portions of highly indurated 
ash-beds. 

At FlavelPs Farm, California, is one boulder of grey granite 2 ft. by 
1 ft. 8 in. by 1 ft. Yein -quartz and quartzite constitute nine small and 
three large boulders ; and one of these, found near Harhorne station, contains 
included brecciated fragments of rock. The size of these quartzite boulders, 
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the largest of which measures 3 ft. x 2 ft. 6 in. x 2 ft., negatives the idea 
that they have come from the Bunter pebble-beds. 

The general character of the boulders of this district is similar to that of 
the Bromsgrove district ; but in the presence of granite, quartz, and meta- 
m orphic rock resembles the district north and west of Wolverhampton. 

North and west and south-west of Wolverhampton, however, granite is 
very much more abundant than in the district west and south-west of Bir- 
mingham. The large boulders north and west and south-west of Wolver- 
hampton are, it is probable, chiefly Criffell, or (more sparingly) Wigtonshire 
granite*; but there isEskdale granite in the neighbourhood, especially about 
Bridgnorth. 

The Welsh felspathic drift covers abundantly the west and south-west of 
the Midland tableland, while felspathic rocks from the Lake-district accom- 
pany the Eskdale granite, and are often mixed with the Criffell granite. 

The boulders occur in two distinct positions — (1) in the older glacial beds, 
(2) in the upper clay. 

Lancashire. 

Large striated boulders have recently been exposed in the extensive exca- 
vations which have been made in the boulder-clay at Bootle, a northern 
suburb of Liverpool. The site excavated is intended for new docks, and 
extends along the river Mersey, being reclaimed from shore within the tidal 
range. 

Mr. G. H. Morton describes for your Committee the position of these 
boulders, and gives the following section of the drift deposits which have 
been exposed continuously over many acres. The thickness of the various 
beds varies considerably according to position, and the middle Bands and 
gravels often thin out and leave the upper boulder-clay reposing on the 
lower. 

Section. 

1. Sand and silt, old Bootle shore 

2. Upper Boulder-clay 

3. Sands and gravels 

4. Lower Boulder- clay 

Upper Bunter Sandstone. 

The whole of the subdivisions, 1 to 4, repose in succession on the Bunter 
Sandstone at that part of the section nearest the old coast-line. 

The Lower Boulder-clay contains a much greater quantity of small stones 
than the Upper Clay. No large boulders were observed ; but as the Lower 
Clay is not exhibited to any considerable depth, it may possibly contain some. 

The Middle Sands and Gravels consist of sands which frequently, by the 
great increase of rounded pebbles, become gravels, resembling those at Preston 
Junction, Wigan, Gresford, and Colwyn. 

The Upper Boulder-clay contains comparatively few small smooth stones, 
but many large boulders two or three feet in diameter. Many of these 
are striated, and are composed of greenstone, but somo are Eskdale granite. 
These large boulders possibly occur at an average distance of twenty yards 
from each other. A large mass of compact gypsum, about 4 feet in dia- 
meter, was noticed. 

The sections described are still exposed at the present time, August 1870. 

, * See paper by Mr. Mackintosh, Quart. Journ. Geol. Soc. vol. xxix. n. 358 . 
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Cumberland. 

Prof. Harkness reports that a boulder of Silurian conglomerate (the 
Queeusbury grit of the Geological Survey) occurs at the village of Bothel, in 
the parish of Sorpenhow, North Cumberland. In length it is about 20 feet, 
in height 9 feet, in breadth 8 feet. It is beautifully striated on the western 
side. It is situated between the 400 and 500 feet contour-line, and has been 
transported from the north-west portion of Dumfriesshire, having travelled 
about forty miles from N.N.W. to S.S.E. 

This boulder goes by the name of “ Samson.” 

Prof. Harkness further reports that some fragments of Shapfell (Wastdale 
crag) granite occur in a field in the farm of Hindrig, near Dufton, West- 
moreland, at about 800 feet above the sea-level. These have for the most 
part been blasted, and many fragments occur in the wall adjoining. Some 
of the blocks are untouched ; but these are so imbedded in the soil that their 
size cannot be determined. 

There are also several small blocks of this granite in gravels, which Prof. 
Harkness regards as Eskars, in a gravel-hole on the farm of Luhan, in the 
parish of Edenhall, about three miles east of this. Near the village of Newton 
lteigny, about two and a half miles west from Penrith, large boulders occur. 
They are so imbedded in the soil that their size cannot he determined. They 
consist of the Lower Silurian trap of the Lake country. Boulders of the 
same kind and of a large size are also seen on the east side of Newton Moss, 
which is a short distance S.W. of the village. The height of these Newton 
boulders is about 800 feet above the sea. 


North Wales. 

Mr. D. Mackintosh contributes the following account of the boulders in 
North Wales. An account of previous observations will he found in the 
Quart. Journ. of Geol. Soc., Dec. 1874. 

Between a mile and a mile and a half west of Llan-y-cil, on the north- 
west side of Bala Lake, the glacial striae in several places average between 
45° and 50° north of geoar.iphic ,il west; and the boulders are of precisely the 
same kind as would have come from about the north-west or from the neigh- 
bourhood of Llyn Arenig. Both the direction of the stria) and course of the 
boulders would cross Bala Lake at nearly right angles to its length ; so that 
if the basin of the lake had ever been scooped out by land-ice, this ice must 
have come from the south-west before the period of the great boulder trans- 
portation from the Arenig mountain. 

At the south-west end, and along the south-east side of Bala Lake, many 
of the boulders are not the same as those from the Arenig mountain, which 
are chiefly found on the north-west side ; and they decrease in number north- 
eastwards, suggesting the idea that thoy came from the south-west. 

Through the gap immediately south of Moel Fermi, numbers of boulders 
appear to have fouud their way into Glyn Ceiriog, and east as far at least as 
Chirk. Numerous large boulders have gone nearly due east along the valley 
of the Dee, as far at least as Cefn and ltuabon. The east and north-east 
boundary of the Arenig dispersion may be roughly defined as extending from 
Chirk by Cefn, liuabon, Wrexham, Caergwrle, Mold, and the east side 
of Halkin mountain to Holywell, and thence in a westerly direction to the 
vale of Clwyd, This lino nearly coincides with the boundary of the great 
1878. * x 
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northern granitic drift. Both drifts (the Welsh and northern) have, to a slight 
extent, crossed the average boundary, and a few small Arenig boulders have 
found their way across the estuary of the Dee into the peninsula of Wirral, 
where they have become mixed with the very abundant northern drift from 
the Lake district and the south of Scotland. 

The western boundary of the Arenig felstone drift would appear to run 
from the Arenig range in a N.N.E. direction as far at least as the celebrated 
Cefn Cave, near St. Asaph, where, to a slight extent, it has become mixed 
with the northern drift, and likewise with erratics probably from the neigh- 
bourhood of Conway. Few or no boulders from the southern part of the 
Snowdon range would appear to havo found their way over the high table- 
lands situated to the east of Llanrwst and Bottws-y-cocd, the Snowdon dis- 
persion having radiated in all directions to short distances only , excepting 
towards the south. This Arenig dispersion is one of the most remarkable in 
South Britain. The felstone boulders from the Arenig range have radiated 
to great distances over an area extending from N.N.E. to E., and to short 
distances from E. to S.E. — that is, over the fourth of a circlo. The boulders 
have found their way across valleys and over watersheds and high mountains. 
In most places they have wholly ignored the configuration of the ground, 
excepting where gaps in mountain-ranges have facilitated their transporta- 
tion. A detailed examination of the 'UrP.ioo-oonfiguiiii ion, viewed in con- 
nexion with the positions occupied by the boulders, would seem to favour 
the idea that they could only have been carried by floating ice ; but it ought 
to be observed that there is an apparent distinction between the large angular 
and subangular boulders which are seen chiefly on the surface, and those 
smaller and well-glaciated boulders which are found imbedded in the Lower 
Boulder-clay at comparatively low levels. 

Among the Arenig felstone boulders, which are bo remarkable for size, 
for the unexpected routes they have taken, or for the distances they havo 
travelled, as to render them worthy of being preseived, the following may bo 
mentioned: — (1) The Cefn boulder, a short distance west of Cefn station, 
near Ruabon, which measures 15 x 14 feet, and at least 10 feet in depth; 
(2) tho }f'ieiidi'jwyc1nni. or great immovable stone in the village of Eryrys, 
near Llanarmon (about 5 miles east of Ruthin), which measures 15 x 15 x 12 
feet, and is situated about 1130 feet abovo the sea ; (3) a boulder in a field 
near Bryn-Cloddian, north-east of Caerwys railway-station, and a few miles 
south-west of Holywell. 

The direction of glacial stria? on rock surfaces in the eastern part of North 
Wales, as well as in the neighbourhood of the Arenig mountain, Corwen, &c., 
in general agrees with the course the boulders have taken. On the summit 
of Halkin mountain, in a quarry a short distance west of nolywell, there are 
well-defined stria?, indicating the passage of ice from the south-west ; and in 
the neighbourhood of Llangollen, especially near Trevor (as lately ascertained 
by Mr. Morton, F.G.S.), there are several instances of stria? pointing from 
west to east. 



ON THE EXPLORATION OP THE SETTLE CAVES. 


115 


"Fourth Report of the Committee , consisting o/Sir J ohn Lubbock, Bart ., 
Pto£ Prbstwich, Prof. Busk, Prof. T. M‘K. Hughes, Prof. W. 
Boyd Dawkins, Prof. Miall, Rev. H. W. Crosskey, and Mr. R. 
H. Tiddeman, appointed for the purpose of assisting in the Explora- 
tion of the Settle Caves {Victoria Cave). Drawn up by It. H. 
Tiddeman, Reporter . 

The Committee have to report that work has been carried on at tho Victoria 
Cave throughout tho year, with tho exception of the interval from tho 24th 
December, 1875, to January 3rd, 1876, and that the Settle Local Committee 
have expended during the year ending August 13th, 1876, the sum of 
X90 13a. 3 d. 9 besides the grant of XI 00 entrusted to them by the British 
Association. 

A considerable amount of work has boon done in tho courso of the year in 
excavating the central chamber A and that which lies to the right of it, 
called D. These, though formerly separate chambers, are now seen to form 
one large one. They consisted at first of mere spaces between the roof and 
the cave deposits, which had not been filled up entirely by the latter, branch- 
ing off from one another and merely communicating at the bifurcation. 
From the lowering of the deposits by excavation, they now form only one 
large and long entrance -hall to the remainder of the cavern, and the old 
line of demarcation can now only be distinguished on the present ceiling by 
the following circumstance. Chamber A cuts higher into the roof than 
chamber D, and is marked off from it by a line of joint, along which a thick 
bed of limestone has fallen down on to the floor in chamber A, but still forms 
the roof of chamber 1). This huge block, which extended a distance of about 
60 feet, from about Parallel 15 to 44, at the extreme end of chamber A, has 
given us great troublo in the course of the year, partly from its size, and also 
because, being fissured by cracks here and there and lying on a clayey layer, 
it was subject to successive slips. Considerable downfalls threatened from 
lime to time, and these had to bo anticipated by quarrying it away, Tho 
largo body of laminated clay which has been described in former reports 
ended off for the most part against this block towards the north* and must 
have been deposited against it. This is tho mass of laminated clay which 
overlay the bone-beds containing the older mammals Elephas antiquus, 
Rhinoceros leptorhinus , Hippopotamus , Hycena , and others, with Man. 

Thero can be no doubt now, to whatever agents the formation of that inter- 
esting deposit bo due, that there are somewhat similar beds also underlying 
that Pleistocene hone-bed in places. From about 2 feet Parallel 10 as far as 
present workings inwards at Parallel 30 an exceedingly dark, tough, waxy 
day lies below that layer. It varies much in thickness, from 7 or 8 feet on 
tho right or east side of the cavern to lesser dimensions towards the west, 
and eventually loses itself amongst large fallen blocks of limestone on the 
left. 

A thin layer of stalagmite, varying from 8 inches to a mere film, occurs at 
the base of the above clay. It is often very fibrous, and in somo places it 
has a distinctly greenish hue. At the suggestion of the Committee, Dr. 
Marshall Watts kindly analyzed it ; and his report is as follows: — 

“ The mineral is as nearly as possible pure Calcium Carbonate. It contains 
no Phosphoric Acid. Its specific gravity is 2*879; that of Calcspar varies 
from 2*70 to 2*75, and of Arragonite from 2*92 to 3*28, so that for a non- 
crystalline deposit of stalagmite the agreement is sufficiently close. 

(Signed) W. M. Watts.” 

i 2 
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To return to our section. Here and there this stalagmite rises into small 
bosses, showing that its existence was mainly owing to the dripping of water 
from the roof. It forms a kind of dotted line of demarcation between the 
dark clay above and the layer next to be described beneath. 

The bed beneath this stalagmite is somewhat like the dark clay above it in 
arrangement, but is not of so fine a texture. Its colour is much lighter, a 
yellowish brown. It is somewhat sandy, presents on digging a rougher sec- 
tion than the waxy lustre of the dark clay above, and is more clearly lami- 
nated, though the laminations in it are wider apart. This clay appears to 
follow the upper surfaces of the fallen blocks on which it rests, and is rudely 
parallel with them. We find that as these blocks rise in successive steps 
towards the south-west, so this clay rises on them, and covers them con- 
tinuously at higher and higher levels. 

There is one point about this lower light-brown laminated clay which is 
of much interest; channels appear to have been formed in it. Hollow 
troughs occur, which may perhaps be due to its subsidence through chinks 
in the rocks beneath, or they may have been formed by little streams of 
water cutting out channels subsequently to the formation of the main mass 
of it. However they were formed, the thin overlying *1 .il.igniiio appears to 
have made a thin coating over their walls simultaneously with the like forma- 
tion on the flatter surfaces between them. The overlying dark waxy clay, 
on minute examination, is seen to dip into these cavities sometimes at a con- 
siderable angle. It is only possible to see this lamination when the clay is 
cut with a clean knife ; the spade obliterates the bedding. This arrange- 
ment of the layers at the sides of the trough would seem to point rather to 
our first hypothesis of their formation as being the more probable. 

It has been Migce-lcd in former reports that the laminated clay which lies 
above the Hyacna-bed may possibly be the result of a deposit from glacier 
water at the time of the ice-sheet, it being now distinctly proved that the 
animals whose bones occur some distance beneath it existed in that district 
..at a time prior to that cold period. The chief evidences for this last consist 
of — (1) the superposition of the boulder-deposits at the entrance of the cave 
upon the edges of the bone-bed, and (2) the total removal of the remains of 
these animals from the open ground in those particular areas where direct 
evidence of the former extension of an ice-sheet exists. 

We must not forget, however, that further south and east the same 
animals are found in the river-gravels under such circumstances as imply 
that a cold period occurred also previous to their ranging through the country, 
the gravels being of later ago than certain glacial beds in the south and east 
of England. These facts imply that the animals whose bones are found in 
the lowest known bone-beds in the Victoria Cave lived in this country in 
the course of a well-marked interval between two periods of extreme cold, 
and that the earlier left traces of its effects further south than the later. It 
is therefore within the limits of possibility that this lower waxy laminated 
clay is a representative in time of some of the earlier glacial beds of the 
south-east of England. The subject, however, is an extremely wide one, 
and our present knowle dge of tho age and succession of the drifts must 
receive many additions before such an hypothesis can be either proved or 
disproved. 

Bronze Objects . — The Romano- Celtic layer is probably now completely 
eliminated from Chamber A. That portion of the present large entrance- 
hall which we used to call Chamber D was apparently never occupied by 
the folk who used tho bronze articles. Chamber B, that to the left of 
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Chamber A, may still, perhaps, contain some relics of that period ; but we 
have not worked in that chamber for some years ; our finds of articles of 
that age are consequently rare and exceptional. On the 12th of February, 
1876, whilst blasting and removing a portion of the huge fallen mass of lime- 
stone already referred to, a bronze harp-shaped fibula was found, in good 
preservation, with traces of its iron pin. It was in Parallel 16, 5 feet left 
of the datum-line, and at a depth of 9 feet, below a chink in the limestone 
block ; and, as Mr. Jackson suggests, there is every probability of its having 
fallen down the crack from above. Whether dropped there by one of the 
cave refugees, or fallen down a crack which had been enlarged by the settle- 
ment of the blocks consequent on the explorations, is immaterial. It was 
certainly far below its natural level, and the block of limestone beneath which 
it was found extended up to the Romano-Celtic floor. 

Another object in bronze was found during the year upon tho old upper 
tip. It is in the form of an ovate leaf, with a broad midrib and rude vein- 
ing ; the apex of the leaf is broken off. Where the leaf-stalk would be is 
a quadrate expansion pierced with a rivet-hole. It is 1*5 inch long and 
1*1 inch broad, and curved in the direction of its length. 

Animal Remains . — Professor Busk has again kindly examined tho bones, 
aud given their determination in a register. He remarks : — 

“ As usual, the collection is chiefly inien-ting on account of the large pro- 
portion of Ursine remains, some of which, as you will perceive, I am inclined 
to assign to Ursus speleeus ; but most belong to the ferox type, whilst some few 
could not bo well distinguished from Ursus arctos. Some of the bones are 
remarkably perfect, and have the same polish as that already recorded. The 
only addition to the former fauna, if I remember rightly, is Mustela martes. 
There is also a remarkably small fox, but not Canis lag opus. 

(Signed) G. Busk.” 

Amongst tho remains returned by Prof. Busk is a lower jaw of Weasel. 
This was found in the Lower Cave-earth, beneath tho boulders ; so that that 
is another addition, besides the Marten, to our list of animals from the early 
Pleistocene layer. 

In speaking of the animals found, the place of honour necessarily falls to 
the Hycena — not by reason of the number of his remains discovered, but because 
to him we are indebted for by far tho larger number of bones of other animals 
introduced. It is, indeed, singular to note that, notwithstanding the abun- 
dant evidence of his presence, from the characteristically gnawed and cracked 
bones of other animals, we have hardly any remains of him this year except 
teeth. There can, indeed, be scarcely a doubt that a dead hyaena was as 
acceptable to his survivors as the carcass of any other beast. 

Of Bear we have found a fine series of tusks. We have already given 
Prof. Busk’s romarks upon them. A very large humerus, which he attri- 
butes to the Grisly Bear, was found in Parallel 21, at a depth of 12 feet. 
From the way in which its proximal extremity has been gnawed off, and 
some of its more prominent ridges removed, there can be no doubt that it 
was coexistent with Hyaena. Some remains of very young Bears have been 
found — so young, indeed, as to make it doubtful whether they ever had an 
independent existence. 

Of j Rhinoceros we have a femur, found in Parallel 36, at a depth of 7 ft. 6 in. 
It has been gnawed, as such bones always are, by tho Hyaena, and to the usual 
extent. Several exceedingly fine teeth of Rhinoceros have been found since 
the bones were submitted to Prof. Busk, and their determination must be for 
the present postponed. A lower premolar 4 of Rhinoceros, which was tho 
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first of that animal found in the cave, together with the human fibula, and 
hitherto supposed to be i?. tichorinus , is now considered by Prof. Busk to be 
tt.leptorhinus. 

Of Beer found this year wo havo several* One is a base of an antler with 
brow-tine (Cervas tarandus ), but tho species is marked as doubtfUl; another 
tine is doubtfully referred to C, elaphus ; another is a fragment of a very 
large antler, and no species is assigned to it ; also there is a patella of a very 
large ‘deer, which was near the surface. 

Of Goat several remains havo been found; and it would almost seem pos- 
sible, from the depth to which some of them occur, that this animal may have 
existed in Britain at an earlier age than has usually been assigned to it ; but 
we cannot put forward this idea confidently without further confirmation. 
One humerus of an exceedingly small Goat has cuts upon it which are evi- 
dently human workmanship ; but there are circumstances which render it 
desirable to reserve any further remarks upon it to a future occasion. 

In our last year’s report we called attention to the existence in tho Victoria 
Cave of a “ fauna which wo may confidently assign to a cold climate, separated 
in some parts, by an accumulation of deposits 12 feet or more in thickness, 
from an earlier one, which is equally characteristic of high temperatures ; 
whereas in another part of the cave not far off, where tho material to separate 
them is wanting, wo have animate from icy and tropical countries inter- 
mingled in a confusion which would be puzzling did wo not get the clue hard 
by.” Wc remarked that it was evident that tho separation was natural and 
regular, the mixture abnormal and accidental. “As distinguished from the 
lower bed, tho chief characteristics of the upper wero the presence of the ltcin- 
deer, and the absence of Elephant, llhinoeeros, Hippopotamus, and Hyaena.” 
These remarks wore made solely on tho evidence which passed through your 
present reporter’s hands since he undertook to conduct tho exploration of the 
cavern. Prof. W. Boyd Dawkins has kindly written to remind us that Bein- 
deer was found in the lower cave-earth, below the laminated clay, when he 
had charge of the explorations, and ho has no doubt that it was dragged in 
by Hyaenas. The Hyama-bed at that spot, viz. the mouth of the cavern, was 
at a depth of 10 feet bolow tho laminated clay ; and your reporter had an 
impression that tho Keindeer-remains occurred at some height above tho 
Hyoena-bed. Be that as it may, Prof. Dawkins’s opinion is entitled to great 
weight, and is, indeed, tho view generally held. At the same time, consider- 
ing that Hyaena and lteindeer are. not uncommonly found together in caves, 
when, as in this case, we see them mixed together at one or both ends of a 
section but separated through an interval of 70 feet in length by a thickness 
of deposits, we may regard the fact as at least an interesting one, and, when 
found, noteworthy. 

The excavations still throw light upon how the Cave was formed. As far 
os we have j'et worked at the present levol, the right wall of the cave is seen 
to have been hollowed out by streams. Several grooves occur, indicating 
water-levels ; but, except quite at the entrance, we have not got down to the 
ancient floor. We are already working in deposits which are probably of 
greater age than tho older Thames gravels. The river is now running 
900 feet below us. What earlier records we may disentomb wo cannot tell ; 
e must work on and wait. 
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Report on Observations of Luminous Meteors during the year 1875-76, 
by a Committee, consisting of James Glaisher, F.R.S., R. P. Greg, 
F.G,S., F.R.A.S., C. Brooke, F.R.S., Prof. G. Forbes, F.R.S.E., 
Walter Flight, D.Sc F.G.S., and Prof. A. S. Herschel, 
M.A. , F.R.A'S, 

[Plate IV.] 

The principal subjects of discussion in the present Report are, as they have 
been in former years, the descriptions of meteors and meteor-showers of 
which the Committee has received information during the interval of a year 
which has elapsed since the presentation of the ]ast Report. 

Of such materials a large supply has as usual been contributed to, or has 
been sought for by, the Committee. Most of the appearances described are 
fireballs of an occasional character, some of which have given rise to a good 
deal of remark and scientific discussion in the public journals of the day, 
both from the exceptional character of bliglil ne>s and from the quick re- 
petitions of their occurrence. 

Large fireballs were seen on the 3rd, 7th, and 14th of September last, 
which were observed over such a considerable extent of country as to allow 
of their real heights and paths to be calculated with a somewhat unusual 
degree of accuracy. The paths of these meteors were calculated by Captain 
G. L. Tupman, of the Royal Observatory, Greenwich ; and very satisfactory 
conclusions were arrived at as to the probable meteor-showers or systems to 
which these largo fireballs, two of which were detonating, appear pretty 
certainly to have belonged. 

Other instances have occurred where bright fireballs have been seen at 
several points in England sufficiently far apart, and have been observed with 
sufficient accuracy to lead to definite although not generally more than very 
rough determinations of their actual heights, velocities, and directions. One 
of the largest of these bolides was seen in bright sunshine on the 22nd of 
December, 1875 ; another of great brilliancy was noticed on the evening of 
July 25th, 1876 : of these meteors, as only a few well-recorded descriptions 
were obtained, the probable real paths are only generally indicated, or have 
only hitherto been provisionally computed. Meteors of this conspicuous cha- 
racter appeared also on the 16th of August, 1875, and on the 15th of April, 
11th, 13th, 15th, and21st of August in the present year. Some heights of shoot- 
ing-stars observed in the August shower in 1874, and described in the Cata- 
logue of last year’s Report, are deduced from the observations, and are hero 
presented as completely as the accuracy of the observations would permit. 

The occurrences of meteor-showers during the past year have been very 
slight and ill-defined, with the exception of the August -shower displays of 
1875 and of the present year. The present year’s recurrence of the August 
shower was, however, less plentiful than has been visible for several years 
past, and has amounted to a real minimum of intensity of its annual appa- 
ritions. 

A new general catalogue of meteor radiant-points, with an accompanying 
key-map, compiled during the past year by Mr. Greg, appears in the Report, 
aad a valuable- contribution of reviews of the past year’s records and exami- 
nations of aerolites (of which the many remarkable occurrences continue to 
increase in scientific importance year by year), by Dr. Flight, concludes its 
pages. One of tho most interesting of such events, it will be recollected, took 
place this year in England, when a mass of iron weighing 7f lbs. fell at 
Rowton, near the Wrekin ; and this, it may bo observed, is only tho seventh 
instance where a mass of metallic iron of meteoric origin, or an aerosiderite, 
has actually been seen to fall. This event took place in Shropshire, at 20 
minutes to 4 o’clock p.m., on April 20, 1876. 
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OBSERVATIONS 
IN 1876-76, AND IN 


Date. 


Hour 
(G.M.T.(orj 
local time) 


Place of 
Observation. 


Apparent Size. I Colour. 

i 


Duration. 


Position or 
Apparent Path. 


1871. 

Aug.ll 


1873. 
May 14 


h m s 
12 33 a.m.l 


NearTroubridge, barge meteor , 
Salop. I 


3 5 a.m 


About as large as White About 3 or 4 


the planet Venus 
when most bril- 
liant. 


seconds. 


1874 
Aug. 10| 


10 15 30 

p.m. 


Lynton,N Devon Very bright mefcoi 


lOjlO 10 p.m. Radiliffe Ob- As bright as Venus . 

servatory, 1 

I Oxford. 

Sept. 6| 8 40 p.ra.'Bristol '= Jupiter 1 


13 


Nov.10 


11 

1875. 
Feb. 4 

May 16 


[Perhaps the same] 
ns that seen 
at Cardiff and 
I Bristol at 12 h 

22 m to 23 ra 
a.m. See these 
Reports for 

1872, p. 81.] 

First appeared a| 
little eastward 
of the moon 
(then in the 
&.S W.), and 
passing a little 
below it dis- 
i appeared to 

! the westward 

of that lumi- 
nary at about 
15° above the 1 
horizon. 

Position of the| 
streak I 

I mm \ 

' From 337^° +5° i 
to 331 -f3 I 
i , 

. From y to j3 An-| 
! dromedae. 


8 53 30 
p.m. 

11 0 30 
p.m. 

9 44 p.m 


9 30 p.ra.J 
8 40 p.m.j 


Rapid 


I 


Crediton, Devon 

Bristol 

Ibid 


Melrose, Scot- 
land. 

Greenhithe,Kent| 


= Jupiter.. 


Brighter than 
Venus, 


= Venus , 


Brilliant meteor . 

About = Venus .. Red . 


Very slow 
Slow 


About 6 or 
seconds. 


From 275° 4-20° 
to 255 -12 
Passed between! 
f 3 and y Oplii- 
uchi. 

From 15° above the! 
horizon to i Ursae| 
Majoris. 

AES SB 

From 43° 4*30° 
to 7 —4 

**» 3 SB 

From 3l°— 6° 
to 24 —13 

Travelling north .. 


observations op lVjmnoos meteors, 
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OF LARGE METEORS 
SOME EARLIER YEARS. 


1 Length of 
Path. 

Direction or Radiant-point. 

Appearance, Remarks, &c. 

— j 

Observer * 

or Reference. 

1 


A very brilliant meteor; lighter 
up the country. Seen after 
two hours observations of the 
August meteors on the Wrekin 
Ilill. 

G. T. Ryves. 
Communicated by 

G. J. Symons, 

: 

Descended at an angle of about 
40°, from S.E. to N.W. 

Died gradually out, and left no 
visible tailor spaiks— perhaps 
from the brightness of the 
moon, which was shining with 
great splendour. 

F. V. Jacques. 
Communicated by 

W. F. Denning. 

| 

I 

[The recorded courses of this 
meteor and of the next arc 
not reconcilable with each 
other.] 

Illuminated all objects with 
a flash like that of light- 
ning. On looking upwards, 
1 saw the streak as stated, 
which remained visible eight 
seconds. 

The meteor seemed to burst at /3 

S. J. Johnson. 
Communicated by 

W. F. Denning. 

J. Lucas. 

| 1 

j 1 

37° ; long path Directed from y Lvrac 

! 

Andromeda;. | Identical with 
the last meteor : W. F. Denning.] 
Left a streak almost vertical in 
S.W. for a second. 

‘ Radcliffe Observa- 
tions/ vol. for 1872. 
W. F. Denning. 

1 

i 

47° 

Radiant Fj 3 

Very bright ; left no streak ...... 

Left a long train for 3 seconds ... 

S. J. Johnson. 
Communicated by 

W. F. Denning. 

W. F. Denning. 

9® 

Radiant the Iljades, or « Au- 
riga;. 

Only the end of the flight ob- 
served ; no visible streak. 

Id. 

Its visible 
course ex- 
tended half 
across the 
sky. 



From west to east 

Falling stars on February 4th at; 

6 b A.M. 

Nucleus with a continuous tail, 
and pieces dropping from it at 
intervals. A faint vapour ap- 
peared to precede it, falling 
back upon it as it sailed along. 
A large and fine meteor. 

Communicated by G. J. 
Symons. 

Extract from a News* 
paper; communicated 
by W. F. Denning. 




moat— 1870, 





1875. h m 

/one 2 About Wolverhampton Urge 
10 80 p.m. 


Position or 
Apparent Pith. 


About 7 or 8 Its course ores 
seconds. nearly south* 
east. 


7 2 15 a.m. Melrose, Scot- Brilliant meteor .J 

land. i 

25 11 20 p.m. Cambridge Fine meteor In the north 


/uly 710 54 p.m. Bristol. 
8 12 2 a.m. Ibid. . 


. = Jupiter Passed just under 

| Cassiopeia. 

. =Venus L Shot towards tbe 

I sword-hand of 

Perseus. 


Aug. 3 9 25 p.m.ilbid. 


10 p.m.ilbid. 


near St. Agnes, 
Cornwall. i 


.= Jupiter 1 Rapid *= 8= 

I From 126°-f 53° 

I ! to 125 4-46 

. l About=Venus ... ! 'Shot across or near 

I | j 7r Pegasi. 

20 p.m.jThe Garden Cliff, Urge meteor White, like 'Several : From a point in tbe 

, • burning seconds. S-E. to a little N. 


burning 

Cornwall. j i magnesium. of E. ; but a few 

i I degrees above 

! ! the iieighhoiirii.fi 

j ' hills of Pcuball's 

i Mine. 

22 p.m. Regent’s Park, , Urge and brilliant Rather ruddy. Came from about 

London. j Corona, its course 

| ending about 10° 

below «, (3 Ursae 

i Majoris. 


Sept. 21 9 


3 9 52 p.m. Radeliffe Obser-jAbout 3 X ty. [Disk Blue, changing 5 seconds. [15 First appeared just 

talory.Oifonl. 15’, of dazzling; to green. or 2 seconds, west of Saturn. 
[Royal Obser- brightness.] rapid.] [Passed between 

vatorv, Green- « and (3 t disap- 

wich, &c.]. pearing close to 

k Aquilae.] 

4 About West Dereham.. . Splendid meteor In the north-west.. 

i 8 45 p.m. 

6 id 0 p.m.,Bristol Large fireball In the eastern sky.. 


711 21 p.m. Radeliffe Obser-j Brighter than Ju- Blue with red Duration 2 or Seven or eight well- 
vatory , Oxford (l piter or Venus, sparks. Blue 3 seconds. observed appa- 

Ipswich, Kent,! Disk about £ ap- colour of (Oxford, 6 rent positions of 

Surrey, Essex, parent diameter nucleus very or 7 secs.) its course. 

&c. | of the moon. bright. 





OBSERVATION! Of LUMINOUS METEORS. 


Length of 
Path. 


Direction or Radiant-point. 


Appearance, Remarks, Ac. 


Observer 
or Reference. 


Very vivid ; made a startling 
glare in the sky. Nucleus 
with a long train and a 
bright flarae-hke head, flick, 
ering like a torch carried 
against the wind. 


Arthur Hinde. 
Communicated by 
6. J. Symons. 


Communicated by G. J. 


J 

j Directed from the Pointers in 
I Ursa Major. 

From the direction of fi Pegasi 


7° 'From direction of « Ursac Mi- 

1 noris. 


Very brilliant. Seen also at 
Calathorpe, ll h 2Q ra p.m. 


Left a train for 3 seconds. Im- 
mediately afterwards another 
meteor = Jupiter shot down 
at right angles to the path 
of the former one, leaving a 
streak for 1 second. 

Left a very bright train for two 
seconds. 


id. 


W. P. Denning. 
Id. 


Id. 


. From % Persei, a Perseid 


Visible behind clouds ; left S' 
long train. 

Light brighter than that of the 
moon. Nucleus like a chain 
of bright beads. Seen also in 
Wales and in Brittany, France. 
(See Appendix I.) 


11° or 12° 
[19°.] 


Sloping downwards towards 
the northern horizon. | 


Descending, slightly eastward. 
[Fell vertically. Radiant- 
point of the projected tracks 
at 311°, +52°.] 


A fine meteor seen through 
clouds which obscured the 
stars; the apparent path ap- 
proximate. Nucleus with a 
broad tapering train visible 
several seconds after it on its 
course. 

Threw off a spark at disappear- 
ance about the apparent size of 
Saturn. [Ended with a flash 
of excessive brightness.] 


Descending, slightly inclined 
from the vertical towards 
the left. 


/ 


Nucleus globular ; illuminated 
the sky like a flash of light- 
ning. Seen by many persons 
at Bristol ; the flash seen also 
by Mr. Denning. 


'Id. 

!f.R.S. The ‘Times/ 
! Aug. 19th, 1875. 


T. Crnmplen. 


J. Lucas. (See ‘Nature/ 
Sept. 9, 1875; ‘Astron. 
Register/ April 1876, 
and Appendix I. of this 
Report.) 

Communicated by G. J. 
Symons. 

Communicated by W. F 
Denning. 


[Long couVse. J 


Radiant-point of the projected 
tracks 347°, -H 5 °* 


[Fireball with train of scatterei 
sparks 10° long. Divided inj 
mid course into two, with flash 
of blue light, accompanying! 
each other very closely to ex- 
tinction. Detonated. Left no| 
streak. 


id The 


Sept. 9, 


Times/ 

‘ Astron. Register/ Oct. 
1875, &c. (See Ap- 
pend. I. of this Report.) 





m 


REPORT — 1876 , 


Date. O.M/r'(or 0 ^! un , Apparent Size. Colour, j Duntion. 
local time). 

1875. h m 8 

Sep. 11 11 0 p.m. Edinburgh, Urge meteor. Ex ( 2 seconds.,.. 

Burntislandj&c. tremely bright. 

Scotland. | 


14: 8 20 p.m. Unn, Norfolk.. . 3 or 4 X Venus ... Pale blue 


14' 8 27 30 Royal Obscrva- Large disk ; nearly White or blu- Mean observed 
I p.m. torv, Green- apparent size of ish-whitc; duration 

; wicli, and in the full moon. tail of sonic 8 seconds, 

j all parts of 1 coloured 

i England. : sparks. 


25j 8 25 p.m.iBatli : About half appa- Various 

I | rent diameter of colours, 

j J the moon. 


25 8 30 p.m. Near Bristol . JXearly half appa- White, like 

| rent diameter of Venus. 

| the moon. 

Oct. 4 1132 p.m. Bristol = Jupiter Bluish 1*5 second ... 

5 10 18 p.m. Royal Observa- Very bright Bluish white. About 1 sec... 

j tory, Greenwich. 

28|Evening ... Near Aberdeen, Very large j 

Scotlaud. ! 


Nov.15 6 30 a. m. Leicester Very brilliant Reddish Quick 


22 About West Dereham... Brilliant meteor 
10 0 p.m. 


Dec. 9 4 45 p.m. Burnham Large meteor 


Position or 
Apparent Path. 


Zigzag course a- 
cross the Htedula 
in Auriga. 


Close above the 
E. by N. hori- 
zon, which it 
did not reach 
before disappear- 
ing. 

Twelve or fifteen 
well - observed 
positions of ap- 
parent course, i 


Descended from} 
not far above*! 
the northern! 
horizon, as ifj 
with full bright- 
ness, to the! 
earth. | 

Almost due nor.b.l 
from altitudej 
about 40° to 
about 30°. 

From i to (S Ceti... 

From altitude 4° 
N., 68° W. to; 
altitude 3° N..> 
78° W. ; 


Shot down to the 
S.E. horizon and 
disappeared not 
far from Spica. 


In the south 



OBSERVATIONS 

O? LUMINOUS METEORS. 

im 

Length of 
Path. 

Direction or Radiant-point. 

Appearance, Remarks, &c» 

Observer 
or Reference. 



Meteor with strong light casting 
shadows. Halted and flashed 
as if at angles on its course; 
formed a zigzag streak visible 
for three or four minutes after- 
wards, which disappeared in 
form of a ring. 

‘ Nature/ vol. xii. p. 460, 
Sept. 23, 1875; other 
similar accounts in 
the ‘ Scotsman/ 




Moving northwards 

Grew gradually larger until it 
disappeared. Followed in 4 or 
5 minutes by the next meteor. 
[For description of the following 
meteor, see Appendix I.] 

J. J. Allinson. 



Long course... 

Radiant-point of the projected 
tracks, 348°, +0°. 

Nucleus pear-shaped and uni- 
form in brightness, with flick- 
ering tail of sparks ; faded out 
at disappearance, leaving a 
faint white streak. Light of 
the meteor intense. Detona- 
tion loud at Bradford; heaid 
also at Wath and York (?), 

The ‘Times/ Sept. 10, 

‘ Nature/ Sept. 23, 
1875, &c. (See Ap- 
pendix I. of this Re- 
port for the real path 
and other particular 
of the meteor.) 


I # 1 

Course diatronallv downward* Nucleus of obloncr shape 

J. L., Newspaper ac- 
count; communicated 
by W. F. Denning. 


from east" to west. 

Fell obliquely as it passed from 
east to west. 


II. H. Olver, Id. Id. 




\V. F. Denning. 

G. L. Tupman. The 
‘ Times/ Oct. 8th, 
1875. 

1 


Nucleus followed by a streaming 
ttain; left no streak. 

! 

| 


In the night of October 
28th. Like a huge rocket, 
leaving numberless sparks on 
its course. 

Vivid meteor ; lit up the sky in 
spite of the glare of the moon. 

Communicated by A. S 
Herschel. 

W. S. Franks. The ‘As- 

i ! 

i i 

| 

Directed from some point in 
Leo. 


tronomical Register/ 
Jan. 1876. 



It made two descents, and 

Communicated by G. J. 

* j 

i 

! i 

1 i 


flashed off at an acute angle, 
as in the sketch. 

Symons, 

Id. 

1 


i 

! 
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bbmht—1876, 


Date. 

Hoar 

G.M.T, (or 
local time). 

Place of 
Observation. 

Apparent Size. 

Colour* 

Duration. 

Position or 
Apparent Path* 

1875. 

Oeo.13 

h m s 

10 0 p.m. 

Bristol 

-“Jupiter 


Very slow ... 

Passed just under 
(3 Ursa; Majoris. 

About ^ diametei 
of the moon. 


22 

1 33 p.m. 

Dorking, Surrey 

Not very rapid 

in the N.N.W. ... 


22 

1 38 45 
p.m. 

Southampton ... 

Large 








22 

About 

1 40 p.m. 

Braughing, near 
Ware. 

Large 



From W. to N.W., 
disappearing 
about 25° above 
the N.W. ho. 
rizon. 




23 

8 44 p.m. 

1 

Bristol 

“Jupiter 



Passed across p 





Geminorum. 

1876. 
Jam 4 

9 28 pm. 

i 

Street, Somerset 

2 X Venus 

Yellowish 

green. 

1 second ..... 

*= £=: 



From 210°+72° 
to 172 +35 

31 

9 13 p.m« 

Bristol 

= Venus 


Rather slow... 

Path observed, 
From 64° -12° 

1 to CO -30 

In the S.S.W. 
sky. 




Feb. 2 

4 ; 

8 31 p,m. 

7 35 p.m. 

7 8 54 
p.m. 

(bwl r 1 1 1 

“Mars 


Very slow 
speed. 

Moved very 

i 

Prom 175° 4-31° 
to 185 +35 
on line from # 
Leonis to Cor 
Caroli. 

From 74°-f4° 
to 50 -1 
i from y Orionis 
! to a few degrees 
below • Ceti. 
From /3 to 3° be- 
yond s Leporis, 

Ibid. .. 

^ apparent dian.e* 


13 

i 

Crediton, Devon 

ter of the moon. 

Precisely like the 
planet Venus. 

Greenish ...... 

slowly. 







OBSERVATIONS Of LWIOUPUS METEORS. 


Length of 

Path. 


Direction or Radiant.point. Appearance, Remarks, &c. 


Observer 
or Reference* 


From direction of the moon. Left no streak. On Dec. 19, at W, F. Denning. 

Radiant 0 Geminorum. 6 h 15 m p.M., an intense flash, 'Astronomical Regis- 

probably of meteoric origin, ter/ Feb. 1876, 
seen in a clear sky. 

From S.S.E. to N.N.W., dc- Nucleus an irregular luminous H. J. Powell. 


scending thus 


ball, with no well defined disk The ‘ Times ’ and 

like the moon ; followed by a Letter to W. F. 
long train of fire: broke up Denning, 
and disappeared before reach- 
ing the horizon. 


. S.W. toN.E. Seen in full sunshine. Its form F. W. The ‘Times.' 

I I like a common rocket. | 


..Inclined about 40° to the ho- Shaped like a pear or a kite , E. Daw. 
j rizou. left a faint white streak for (See also Appendix I. 

| two or three seconds, and for description of the 

disappeared without exploding, same meteor by Mr. 

Seen in bright sunlight. No Webb.) 

detonation heard. The ap- 
parent length and inclina- 
I tion of the path were ap- 

I proximately measured with a 

j rod. 

.'Directed from Polaris. Ra- Left no streak W. F. Denning. 

j diant in Draco (about \ Dra- 
1 conis ?). 


. W. F. Denning. 


Cast a strong light. Disappeared J. E. Clark, 
behind a cloud. 


18° Radiant AG, 


. Seen through clouds. Left no \V. F. Denning, 
visible train. (Radiant proba- 
bly just north of * Tauri). 


Short path ••• Radiant-point in Leo . 


,. Left no streak. This meteor and Id, 
the next proceeded from the 
same radiant-point in Leo. 


•*«•*«. Slightly descending from left • Nucleus globular } left no train... Id. 
to right. Radiant in Leo. j 


Shot downwards.. 


, I Seen on looking away from theS. J. Johnson. j 

planet Venus. ‘ Astron. Register/ 

June 1876, p. 141. 
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repom—1876. 


Date. 


Hour 

G.M.T. (or 
local time). 


Place of 
Observation. 


Apparent Size. 


Colour. 


Duration. 


Position or 
Apparent Path. 


1876 . 
Mar. 1 


h m s 
6 46 p.m. 


Bristol 


> Jupiter 


Slow motion... 


Passed near ? and 
v Ursae MajoriB, 
or slightly above 
those stars. 


19 


11 18 p.m. 
(Paristime.) 


Luxembourg, 

Paris. 


Large meteor 


Apr. 15 


8 31 p.m. 


Bristol 


j Much larger though 
little brighter 
than Venus. 


I White 


15 


About 
8 35 p.m. 


Hawk hurst, 
Kent. 


Very bright. 


I 


12*5 seconds 


a— 3 = 
From 90° 4-24° 
to 52 431 
Passed about 5° 
above ? , and 
disappeared be* 
hind houses in 
the W.N.W. 


First appeared close 
to the planet 
Venus, and 
streamed past 
the Pleiades to 
the horizon. 


June15 

About 

8 10 p.m. 
'local time.'- 

Suez, and sta- 
tions on the 
Suez Canal. 

July 8 

8 55 p.m, 
(local time.) 

Iowa, U. S., 
America. 

20 

11 42 0 

Bristol 

24 

10 25 30 

Ibid 

24 

11 34 0 

Ibid 

; 24 

! 

1 

i 

11 37 0 

Radcliffe Obser- 
vatory, Oxford. 

| 

To 

About 

10 0 p,m. 

i 

Poplar, East 
London. 


Large fireball 


Large fireball 



. 

Rather swift,.. 






Not very swift 

srty 



= 1st mag.* 

While 

1*5 second ... 

Nearly \ apparent 
diameter of the 
moon; 12' or 15' 
wide, but much 
longer, with no 
change. 

Red, then vivid 
green. 

About 6 se. 
conds. Mo- 
tion quite 
uniform. 


*= c = 
From 337°- 7° 
to 348 +18 
*= 

From 30C°4-27° 
to 317 +49 
o= $= 
From 38°+53° 
to 55 +39 
From 50 Cassio- 
peiae (/ Custo- 
dy, Bode) to Ca- 
pelia. 

From R.A. 16 u I5 m 
S. Decl. 17°, 
to R.A. 12*» 
30 ra N. Decl. 
18°. 

Observed while 
comet - seeking- 
near the planet' 
Jupiter. 




OBSERVATIONS OP LUMINOUS METEORS. 
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Length of 
Path. 


Direction or Radiant-point. 


Appearance, Remarks, &c. 


Observer 
or Reference. 


Long path 


Radiant at « Persei 



Left no streak. Seen by F. Den- 
ning; the recorded path from 
description. 


W. F. Denning. 


34° 


Directed from between Procyon 
and Castor. I 


A fireball recorded In the watch 
for meteors kept at the Ob- 
servatory of the Luxembourg 
in March 1876. Mean hourly 
number of meteors for the 
month 2*1 ; ordinary average 
for the month 5*6. 

Pear-shaped nucleus, emitting 
faint sparks as it rolled along; 
left no streak. 


Chapelas Coulvier Gi 
vier. * Comptes 
Rendus/ vol. lxx\ 
p. 924. 


W. F. Denning. 


Course of no| 
great length] 
or speed. 


[26° 

24° 


. A beautiful meteor; seen in the! ^ - Humphrey. 
| western twilight. ! 


Radiant in Aquarius 


Radiant in Cassiopeia.. 


Detonating; bunt with a loud (See Appendix II., 
' Large Meteors.) 


report. 


Very fine meteor ; left sparks and 
a train. 

Left a bright train for 2 seconds] 
Left no streak 


Train. [Identical with the last] 
meteor.] 

5 At first small, and appeared to be 
getting red -.hot ; then burst 
forth with a vivid green flame, 
which continued to near the 
end of its path, when it seemed ) 
to be burned out and disap 
peared. 


Id. 

W. F. Denning. 
Id. 

Id. 

|J. Lucas. 


John Lane. 
Communicated by 
\V. F. Denning. 
(See also Appendix 
II , Large Meteors.] 


1870. 


180 


HBfOBT— 1876 . 


Date. 

Hour 

0. M. T. (o 
local time) 

i Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position Or 
Apparent Path. 

1876. 

h m 





In the northern 

jJuly 25 

About 

10 0 p.m 

Near Maiden- 
head, Bucks. 


Vivid green, 
like an arti- 




sky near the 

i 

i 

i 


ficial light 
rather than 
a natural 
shooting- 
star. 


Great Bear. 







1 25 

10 2 p.m 



, 


Passed from east 





to north at an 

j 






altitude[?] above 
the horizon about 

1 






the same as that 
of the planet 
Jupiter at 9 p.m. 

25 

10 5 p.m 

Edgeware Road, 

Large apparent disk 

Vivid emerald- 

More than five 

From the constel- 


London. 

green ; train 
of fiery red. 

seconds ; 

lation of Aquila 


! 



leisurely 

speed. 

[?] through that 
of Hercules [?] ; 
curved slightly 
downwards, pass- 
ing a few degrees 
under, and dis- 
appearing a little 










northward of 
Arcturus. 

25 

10 7 p.m. 

Street, near Glas- 4 x U 

‘Blue’ or 

About 5 or 6 

From about 270° 

tonbury,Somer- 


‘green’ (two 

seconds. 

-10° to 5° 



setshire. 


observers). 


-f53° (nearly; 
view of the stars 
near its course 


I 

; 






obstructed by 
clouds). 

25 

About 

Ilersham. SurreviLaree meteor 


Speed of ap- 
parent mo- 

Passed close under 

10 12 p.m. 




Arcturus, as in 
the sketch. 





tion very 
leisurely. 



31 

9 43 p.m. 

Bristol 

—Sirius 


Rather fast ... 

km ft ra 




From 284°+ 10° 







to 286 -10 

Aug. 4 

10 17 p.m. 

Glasgow 

Vot very large or 
brilliant. 


4 seconds .. 

Passed over the 



south side of 
Glasgow. 





5 

10 12 p.m. 

Bristol 




£ tm ft mm 







From 20°+47° 



Radcliffe Obser- 




to 8 +38 

5 

10 39 p.m. 

= 1 at mag,* 

Red 

1 second 

Passed r\ Bootis ... 


vatory, Oxford. 





OBSERVATION* OF LUMINOUS METEORS. 
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Length of 
Path. 

Direction or Radiant-point. 

Appearance, Remarks, &c. 

Observer 
or Reference. 


Prom west to east 


Rocket-like ; seen by several per- 
sons. [An equally large me- 
teor, writes the Paris corre- 
spondent of the ‘Echo,’ July 
24 or 25, had recently been 
seen in Paris.-v-T. Crumplen.] 

W. Wayte. 

The ‘Times,’ July 28, 
1876. 

i 

! 

Moved horizontally, thus 

< 

The meteor burst at the end of 
its flight and left a bright train 
[The recorded altitude of its 
apparent course disagrees with 
that assigned at Street, below, 
and with other more distant 
observations of the meteor’s 
track.] 

Communicated by W. 1 / 
Denning. 

i 

Almost horizontal. [The early 

Body of the fireball a large sphe- 

E. Ommanney. Letter 


part of the meteor's course 
here described differs very 
widely from that assigned to 
it by other observers in the 
neighbourhood of London.] 

rical head tapering away into a 
tail of fiery-red colour, followed 
by a luminous track. Appeared 
with sudden brightness, and as 
it travelled on collapsed sud- 
denly with a bright effulgence, 
exactly resembling a firework 
close at hand. 

to Mr. Glaisher. 

Nearly 90° .. 

Almost parallel to the horizon 

Left a splendid train of frag- 
ments redder than the head, 
two of which were as bright 
as 3rd mag. stars. Disappeared 
with a sudden flash. 

Communicated by J. E. 
Clark. 

About 50° ... 

Left to right, nearly horizontal 

Sky very elear, and appearance 
of the meteor very startling. 

George Dines. Letter 
to Mr. Glauber. 

Arctams * 


Its head had the appearance 
of being double—thu9, the 
larger of the two parts above 


Path ofMikior 

j • 

• • 

$ 

1 

(but this impression may have 
been a deception) : — 


20° 

Radiant Lyra or Draco 



A fine meteor; left no streak: 
1 seen through clouds. 

W. F. Denning- 

»••■•*••••••. 

From north to south, angle at 
37° [?]. 

Like a rocket, with an extra- 
ordinarily long tail. Tra- 
velled in a zigzag or tre- 
mulous manner. 

Jarac* Thomson- 

23° 

Radiant of PerseVda , , , 


Left a bright train , 

W, F, Denning. 

J. Lucas. 


Directed about from « 
Venaticorum [?]. 

Canum 

Train. [Identical with the next 
meteor.] j 


K w 


ias 
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Date. 


Hour 
|G. M. T. (orj 
local time). 


Place of 
Observation. 


Apparent Size. 


Colour. 


Duration. 


Position or 
Apparent Path. 


1876. 
!Aug. 5j 


li m 

10 40 p.m. 


Bristol . 




811 57 p.m.ilbid = 2J. 


10; About 
9 28 p.m.. 


10 


10 


Ibid. 


! About | Ibid. 

9 54 p.m. 


[About 
8 30 p.m. 
[(local time.)] 


11 12 59 a.m.| 

i 


[Off New York. 
Long, about 
54j° W„ Lat. 
about 42 N. 


Bristol 




Very large meteor 
2X ?. 


Like a planet, or 
brighter. 


Nearly = 2f . 


11 10 38 p.mJ Bristol ! = 2f. 


11 


{About 
11 15 p.m. 


11 About 

j ill 20 p.in. 


Cardiff, South 
Wales. 


Clifton (and 
Bristol). 


Large and bright . I 


1 Very large meteor 


Rather swift... 


I 

Not vc rv swift 


Rather rapid... 


Prom Z Ursne 
Majoris to »; 
Boot is (199° 
+54° to 207°! 
4*19°). 

From 6° + 25° 
to 356° 4* 39°, 
just to left 
of « Andre* 
medse. 

M— $ as 

From 53°+ 79° 
to 214 4-74 
From 85° 4- 78° 
to 183 4-68 
(observed path). 

[in the west 


From /J Arietis to 
2° below the] 
moon, or from 
27°+20° to 23° 
4*11°. 


[From 151°4-69° 
to 170 +53 
Burst forth over- 
head and travel- 
led in a westerly 
direction. 


Apparent course 
thus, above Ursa 
Major* (From 
slightly below 
Polaris towards 
the W.S.W. ho- 
rizon.-— Another 
description.) 
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Length of 
Path. 

Direction or Badianbpoint. 

Appearance, Remarks, &c. 

Observer 
or Reference. 

3h<> 

Radiant in Perseus or Cassio- 

splendid meteor 

W. F. Denning, 


peia. 


16° tf.-t- 


Left a bright train 

Id. 





27° 


Left a bright train for 2 seconds.. 

Left a short bright train at 
150°-f-78° visible for 5J mi- 
nutes, and drifting thence to 
183°+7°. 

From 8 h 15 m , eight meteors seen; 
9 h to 10 h , 14 meteors ; 10 h 
to 10 h 30 ra , 3 meteors. On 
the 11th, 8 h 45 m to 9 h , 8 me- 
teors; 9* to 10 h , 8 meteors 
seen. Aug. 12th, 8 h 30 m to 
10 h , only 2 meteors. Sky 
quite clear most of the time of 
observation. 

Id. 



Id. 

i 

N. to S., in a line nearly paral- 
lel to the horizon. 

Communicated bv J. h. 

i 

1 AO 

Clark. 

ti r xr n : 


i 1 0° * ,\V. F. Denning. 

i ' ! * > 


19° 


Radiant in Cassiopeia 


Very fine meteor; left a streak. ./Id. 

Rocket-Iike; caused a bplliantC. J, 
flash of light, and left a vi\id (‘ Western Daily 
streak on about 10° of its Times/) 
course, which remained visible 
several minutes. 




I’crscid, 


j 


Extremely bright, like vivid light- 
ning, even in the strong moon- 
light. Left a broad bright train 
visible for fully a minute. (Nu- 
cleus round or oval. Keynisb, 
near Bristol : another, rathci 
smaller, visible ten minutes 
later. See Appendix II., Largo 
Meteors.) 


Communicated by W. F. 
Denning, from ac- 
counts by G.F.Burder, 
Clifton (and by otliei 
observers near Bris 
tol). 
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Apparent Size. Colour. Duration. AppwntPath. 


1876. h m s 
Aug. 11 11 81 p.m. Sunderland, 
Durham. 


Large and bright.., White. Streak . 

red above, 
yellow at 
lowest 
point. 


. Point of disappear- 
ance •= 

281 °— 2 l$° 


11 11 22 30 
p.m. 


Crediton, North Fully as bright as Greenish 
Devon. Venus appears at white. 

■' her brightest. 


About VVrittle, near 
11 24 p.m < Chelmsford, 
I Essex. 


Much brighter than . 
Venus. 


First appeared be- 
tween the con- 
stellations Per- 
seus and Ursa 
Major. From 
10 08; d x Bode) 
Camelopardi, 
halfway towards 
» Ursa Majoris. 

First appeared 
about 6° north, 
preceding « Co- 
rona; passed be- 
tween that star 
and e Bootis, 
and died out a 
few degrees S.W. 
of * Coroiuc. 


13 9 27 p.m. Radcliffe Obser- Large meteor 
vatory, Oxford. 


13 9 27 p.m. Buntingford, » 9 
Herts. 



15 About Bristol At least as bright 

9 26 p.m. ! as Venus appears 

i ! at its maximum. 


j Starting - point 

! near « Cassio- 

, peine. End of 

course hidden 
by the Tower 

of the Obser- 

vatory. 

At least 2 secs. Passed close to 
Moderate « Cygni. 

speed. About *= $= 

from 30°-f 67° 

! to 305 +37 

Slow motion. . First seen slightly 


! as Venus appears j above Arcturus ; 

{ at its maximum. ' disappeared un- 

j der the star 

group of Coma 
' Berenices, on 

! the N.W, hori- 

zon; descending 
obliquely. 

. Radcliffe Obser- 3 or 4 x Jupiter . . . Blue to green.. 4 seconds From «, passing 

vatory, Oxford. tj Bootis, to a 

point on the 

horizon in a 
line with ij 
Ursa Majoris 

j and « Canum 

I Venaticorura. 
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Length of 
Path, 

Direction or Radiant-point. 

Appearance, Remarks, See. 

Observer 
or Reference, 


(Terminal part Directed from tj Aquilee., 
2° er 3°.) 


. Form of the streak : 




, End of course only seen, dis- T. W. Backhouse, 
appearing behind trees, with 
a strong glow extending many 
degrees round. Streak 2° 
long left for three seconds, 

1° or 2° above the point of 
disappearance. 

Left a streak visible for 50 se* S. J. Johnson, 
conds, which became curved (‘ Exeter & Plymouth 
like a reaping-hook before Gazette/) 
disappearing. Also seen at 
Lytham (coast of Lancashire), 
at ll h 18 m p.M. ; apparent path 
near the zenith and to the 
southward. 


. Meteor like a long pale-green H. Corder. 

flash, leaving an orange train (• Astronomical Re- 
fer fully a minute. gister,* Sept. 1876.) 


. Shot southwards., 


, Left a long train. [For a descrip- Communicated by J. 
tion of this meteor's course at Lucas. 

Folkestone, see Appendix III., 

Periodic Meteor-showers.] 


A fine Perseid ; left a streak foi R, P. Greg. 
5 or 6 seconds. [Identical with 
the last meteor.] 


.Not a Perseid; radiant appa* Nucleus pear-shaped, emitting W. F. Denning, 
reutly in Aquila. sparks as it rolled along, but 

leaving no persistent streak 
visible in the hazy sky. 


J. Lucas. 
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Hour 

| Date. 

i 

G.M.T. (or 
local time). 

QO 

cr> 

h m 

, Vug. 15 

About | 

9 30 p.m. 

I 


Place of 
Observation. 


[Swansea . 


15 


9 80 p.m.|Newton St. Loe,j 
near Bristol 


Apparent Size. 


Very brilliant 
meteor. 


Colour. 


Duration. 


Bluish; like Appeared as ri 

the lime- falling from a 

light. great altitude ; 

and disappeared 
somewhat above| 
the horizon , 
in the north- 
west. 

!At first bril-l Passed just be 

lianfc yellow, low e Bodtis, 

changing to and proceeded 

vivid green in a descending 

before dis- direction be- 

appearing. tween « Ca- 

nutn Venat. and 
the cluster of 
Comae, rather' 
nearer to thej 
latter. 


Position or 
Apparent Path. 


15 [About Ncwlown, Wales! Large and intciui'li Changed from' 
I 9 30 p.m >J' ’ ' ' “ 


21 S 13 p.m. Claphain 

(London), 
Surrey. 


21 


21 


21 


About 
8 10 p.m. 


8 10 p.m, 


About 
8 10 p.m, 


Four miles due| 
south of St. 
Paul's, Lon- 
don. 


Sheerness 


bright. 


light yellow 
to red, and 
finally to 
dazzling 
white. 


Twice or rather! Bluish white, 
more than twicij 
as bright a* 

Venus appears| 
at brightest. 


Slow motion ; First appeared 
duration I about the centrej 
9 seconds. | of Ophiuchus ; 

traversed Libra j 
and Virgo, and! 
disappeared in 
Leo near Re 
gulus. 


<2 seconds.. 


Horizontal diame- 
ter 20’. 


(Changed from 
1 red to violet 
(commen- 
cing at the 
edges). 


Twelve miles S.l Bolide . 
of Manchester.) 


Commenced in 
Camelopard us 
and disap- 
peared in 
Lyra [i. e. 
probably very 
near Capella). 
Its line of flight! 
passed half-) 
way between; 
Polaris and 
Ursae Majoris, 
and it disap- 
peared about 
15° from the 
horizon ; be- 
ginning notj 
seen. 

|lts course crossed 
a line from 
the Pole star 
joining the 
‘ Pointers.* 

Fell down in the) 
S.W. from al- 
titude about! 
25° to about 
20 °. 
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Length of 
Path. 

Direction or Radiant-point. 

Appearance, Remarks, &c. 

Observer 
or Reference, 


S.W. to N.E 

Left a train like that of a rocket. 
Attention attracted by the 
moving shadow of a tree which 
it cast on the ground. 

Newspaper extract. 
Communicated by 

VV. F. Denning. 

I 


j 

i 

i 


Nucleus globular, like a Roman- 
candle-ball, leaving no lumi- 
nous track. 

J, L. Stothert. 



The ‘Times/ Aug. 18. 
1876. 

i 

i 

Nearly 1Q0°... 

i 

j 

| 

[The apparent course described 
only traverses the northern 
parts of Libra and Virgo; 
and at the observed time of 
appearance the star Regulus, 
near which it terminates, was 
15° below the north-west 
horizon.] 

At first it appeared large but 
not much more brilliant than 
an ordinary shooting - star, 
but it rapidly increased in 
splendour, changing its colour 
and appearance. [For the 
general appearance and for 
other descriptions of this fire- 
ball, see Appendix It.]. 

H. dc 11. thigh. (Ibid.) 

i 

i 


i Direction of motion exact!) 
perpendicular downwards. 

Appeared very near, like an aiti- 
ficial firework. Jupiter in 

another part of the sky ap- 
peared quite dull in compari- 
son with it. 

Harold John. 

. 

i 

t 

The 1 English Me- 
chanic/ Sept. 1, 1876. 


Fell vertically 

'Nucleus just before disappearance 

Richard Verdon. 



very elongated ; pear-shaped. 

* Nature/ Aug. 24, 
1876. 



Nucleus with a white luminous 

Paul Robin. Ibid. 



train about 5° in length. 

V fine bolide, with oval nucleus... 

Communicated by R. P. 
Greg. 

! 

i 

! 
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APPENDIX. 

I, Meteobs Doubly Observed. 

In. the list of observations presented with last year’s Report, several 
examples of meteors doubly observed, chiefly in the August meteor- shower 
in 1874, occurred, and the heights and real paths of these meteors have been 
calculated. The computed real paths and velocities, and the radiant-points 
from which the meteors were directed, are shown in tho Table opposite. 

It is probable that few observations aro sufficiently trustworthy to give 
correct values of the speeds of individual meteors; but among several 
Buch determinations the average velocity of the Perseids here found may be 
regarded as approximately ascertained, and it does not greatly exceed the 
value whioh theory assigns to it. The real path and radiant-point of tho 
fireball of August 10th, 1874, has been recalculated, as well as tho velocity 
from the average of two observed durations of its flight ; the calculated speed 
is within a mile of the velocity of a body moving in a parabolic orbit from tho 
direction of the radiant determined by its apparent paths. The latter point 
is very near a known radiant-point of a shower to which it may be presumed 
that this large fireball belonged, and a marked centre of radiation of 
shooting-'!. iv 1 ' near /u, e Aquarii, during tho annual shower of Perseids, is 
thus probably confirmed by this double observation. The recorded tracks of 
the fireball at Birmingham and Newcastle- on-Tync diverge from a centre 
at R.A. 313°, S. Decl. 14° ; and a radiant-point from the 3rd to tho 31st of 
August is shown by Dr. Hchmidt’s investigations to he observable at R.A. 
306°, S. Decl. S°. The star e Aquarii (R.A. 310°, S. Decl. 10°), near this, at 
some distance from which several other radiant-points for July and August 
are clustered in Aquarius, occupies the extreme west, while tho latter radiants 
more nearly adjoin a star 6 (R.A. 333°, 8. Decl. 8 ) which is in the eastern 
part of the same constellation *. 

In the list of large meteors which accompanies this Report, an observation 
of a large fireball on August 10th, 1875, at 10 h 26 ,n p.m., near St. Agnes, 
Cornwall, is described, of which two other descriptions also appeared in ‘ The 
Times ’ of August 21st and 25th, showing that the meteor was visible over 
a very wido area, from Wales to Brittany in France. 

Ty Mawr, Ty Llangelly, near Crickhowell ; Mr. H. Ball. — “ On August 16th, 
at 10 h 26 m p.m., I saw a very bright meteor, which is probably tho same as 
that seen by your correspondent F.R.S., from St. Agnes, Cornwall. From 
this place its position was nearly 5° below and to the right of tho full moon, 
on a line inclined 45° to the horizon.” 

Redon, Lower Brittany, Franco’; F.R.G.S. — “ It may bo worth whilo 
mentioning that the meteor scon in Cornwall and Wales was also seen by 
me at Redon, Lower Brittany, at tho same time. It was exceedingly bril- 
liant, and, as F.R.S. remarked, it much resembled a string of magnesium 
beads. The night was singularly clear and the moon veiy bright, but the 

* In the copy of Schmidt’s list of radiant- points printed in the volume of these Reports 
for 1874, p. 321, it should have been observed that the positions to which days as well as 
months of duration are assigned are asterisked in the original list ns accurately (the rest 
being less accurately) determined. The radiants near 6 Aquarii in Schmidt’s and 
Xupman’a lists are erroneously quoted in the Monthly Notices of the Royal Astronomical 
Society (vol. xxxvi. p. 218) as being the “ nearest known ” radiants to the above described 
point of emanation of this meteor’s real course. 
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light of the meteor was very striking j it appeared .to me to be moving 
slowly in a comparatively horizontal course,” 

The most important instances when duplicate observations of meteors were 
collected during the past year, permitting the height and direction of the 
meteors* real paths to be determined and very aoourate results to be obtained, 
occurred on the 3rd, 7th, and 14th of September, 1875. It would occupy 
too large a space in these Reports to relate at length the various accounts 
that were published of theso meteors ; and those which offered the greatest 
accuracy of description and position only are here extracted from the compa- 
rison and reduction of a great many excellent records of their appearance 
published by Captain Tupman in the * Astronomical Register 9 for April 1876, 

Meteor of September 3rd, 1875, 9 h 52 m p.m. — A meteor ending with a 
flash almost as blinding as the sun, seen by G. L. Tupman at the Royal 
Observatory, Greenwich, with an apparent diameter of about 15' of arc, 
falling exactly vertically in 1£ or 2 seconds to a point less than 1° below 
and rather less than this to the left of tc Aquilee, from a distance of some 20° 
above that point. It diminished in brightness at first, but disappeared with 
a flash at last, having about half the moon’s apparent diameter, as far as its 
brilliancy allowed the eye to estimate apparent dimensions of its disk, and it 
appeared globular and left no streak on its course. 

This is the description given of it by Captain Tupman, and similar accounts 
of its path and appearance were“obtaincd at other places. At Tedstono Dela- 
mero Rectory, near Worcester, it was visible in the S.E. by S. falling verti- 
cally, and also falling vertically at the Radcliffe Observatory, Oxford, by 
Mr. Lucas ; while at Leighton Buzzard the direction of its path was also 
vertically downwards ; and its appearance at all these places was extremely 
brilliant. The radiant-point of this meteor was very nearly in the zenith at 
the time of its appearance ; and from the positions of its apparent course 
furnished by the different observers, Captain Tupman concluded approxi- 
mately its real course, as will bo seen in the annexed Table (p. 144) of the real 
paths of this large meteor and of two other brilliant fireballs which appeared 
a few days later in the same month *. 

The second large meteor generally observed in the southern parts of 
England in the first week of the same month appeared at ll h 21 m p.m., 
September 7th, 1876 ; and eight or nine reliable observations of its apparent 
course at different places, principally in Kent or Surrey, and Essex, and at 
Ipswich and Oxford, were collected and compared together by Captain Tup- 
man. Among theso are descriptions by the observers at the Royal Observa- 
tory, Greenwich, and at the Radcliffe Observatory, Oxford. It appears to 
have been of somewhat less splendour than the other two bright fireballs of 
which numerous accounts in the beginning of September were obtained j but 
yet, as seen from Writ tie near Chelmsford, almost immediately below its 
real point of disappearance, it will be seen, from Mr. H. Corder’s excellent 
description of it t which follows, that its light was sufficient to illuminate all 
objects with a bright flash, and that a very distinctly audible detonation 
followed its disappearance. 

“ I did not see it at first, but heard that it rose upwards from the 8.W. 

* The details of the various descriptions, and a -valuable series of conclusions and 
deductions from them, will be found in an article communicated by Captain Tupman in 
the ‘Astronomical Register’ for April 1876. The final results of his calculations of 
these meteors’ real paths are also contained in the number for February, 1876, of the 
* Monthly Notices ’ of the Astronomical Society, voi. xxxvi, p. 216. 

t ‘ Astronomical Register* for October 1875, vol. xii. p. 246, 
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[? S.E.], bursting like a skyrocket into a number of pieces, then fading away 
t and bursting out again. At first it was of a blue colour. It was sufficiently 
brilliant to light up the country. When I saw it it had just passed above 
a Andromedee, and was of a decided mauve tint and double. It rushed along 
at a great speed, with an unsteady flickering light of great brilliancy, and 
disappeared near the cluster [^] in Perseus. It left no train, but was followed 
by a few sparks. One minute and three quarters after disruption I hoard a 
double explosion like the firing of a double-barrelled gun at a distanco, fol- 
lowed for about 15 seconds by a rolling sound like distant thunder. I also 
heard that on the Friday previous (the 3rd of September) a bright meteor was 
seen, just before 10 p.m., bursting into soveral red sparks. It went about in 
a direction N. to S.” 

Another well-described account of the magnitude and appearance of the 
bolide of September 7th is that of Mr. W. A. Schultz, who saw it at 
Lewisham (near London), Kent, and writes that it appeared to bo three 
times the apparent size of the planet Jupiter, of bluish- whi to colour, 
leaving a fine train. The nucleus was of extreme brilliancy, and emitted 
magnificent blue and red sparks. Its duration was 1£ second. From Mr. 
Corder’s account near Chelmsford it appears that the fireball detonated, or 
broke up and disappeared with an audible explosion, tho sound of which 
occupied If minute in reaching his position. This being, u« ■* ■rdi\.r to tho 
calculated real place of the meteor at disappearance (21 miles above a point 
near Witham in Essex), about 23 miles distant from his place of observation 
(a distance which sound takes l m 50 s to travel at its ordinary speed in air), 
it affords a satisfactory ground for the conclusion that this fireball, although 
not so brilliant as that which preceded it on September 3rd, was yet certainly 
of the detonating or “ aerolitic ” class, which was also tho character of tho 
fireball of 14th September, to bo next described. 

This was one of the largest meteors which has been visible in England 
for several years ; and numerous notices of it were published in the daily 
newspapers, in addition to which several private accounts of its appearance 
were collected by the Committee, and more particularly by Captain Tupman, 
who himself observed the meteor, and who has compared together all tho 
available descriptions. Omitting details of the apparent positions of tho 
meteor’s path by the stars, which have been recorded and carefully reduced 
by Captain Tupman in the above-mentioned communication in the ‘Astro- 
nomical Register,’ the following arc some of the particulars recorded at 
different places of tho meteor’s brightness and general appearance. 

Near the Royal Observatory, Greenwich, Sept. 14th, 8 h 27| m , G.M.T., 
Captain Tupman states: — “Tho fireball was very bright, but of ordinary 
appearance, three or four times brighter than Venus ; long train ; left no 
streak ; colour white ; motion slow and stately, I estimated the duration at 
bwo seconds, perhaps more ; but I did not count. Lieut. Neate, R.N., saw r 
it from the Observatory grounds, but lost it behind a roof at mid course, 
after seeing it for two seconds. Colour deep yellow, with red low ? or edge. 
Time 8.27 p.m.” 

Train Inn Station, near Hereford, 8 h 30 m p.m. — The Rev. T. J. Smith 
describes the colour as a beautiful greenish blue of intense brightness, even 
n the strong moonlight. The train narrow and straight, of red sparks, 
svhich continued longer than the light of the head. It appeared to extin- 
guish without any detonation. 

Near Wisbech, Mr. S. H. Miller writes : — “ I was driving towards the 
vest, afid the moon shining brightly in a cloudless sky, when my attention 
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was attracted towards the north by the bright light of this beautiful meteor. 
At first it was as large as Venus three times magnified, and of a blue colour. 
In about a second it passed into the pear-shape, leaving a thin streak behind 
it. [The appearance of a fireball seen at Wisbech on March 4th, 1872 (see 
these Reports for 1872, p. 76), “ like a drop of molten silver,” is here referred 

to by Mr. Miller as exactly j« the aspect which this fireball assumed 

at its greatest brightness.] In another second it diminished to the size of 
a star of third magnitude and appeared yellow. There was no explosion, 
but it disappeared about 15° from the horizon.” 

Other ^descriptions at Teignmouth, Wath near Rotherham, Halstead in 
Essex, Faringdon in Berks, York, Ludlow, Bath, Cambridge, and Manchester 
agree in describing the luminous appearance of sparks, corruscations, and light 
flakes accompanying the meteor as confined to a short flaming and flickering 
tail, sometimes divided, following the head, somewhat redder than the fore- 
most brightest part, which had an apparent width of £ or f , while the whole 
apparent length of the oval disk of the meteor was fully equal to or some- 
what surpassed one lunar diameter, and the nucleus collapsed on nearing 
the horizon without any signs of an explosion. Some portions of the train 
of sparks appear to have been of more persistency than the rest, as an observer 
at Sudbury, Suffolk, writes: — “The -b ;b.'r- -i ir itself was very large 
and bright ; and attached was a long tail, broken at about a third of its length 
from the end into dashes and dots of bright colours, leaving a white track 
behind for several seconds after the meteor itself had disappeared.” The 
accounts at other places describe a flame-like tail and sparks following the 
head, although not a persistent light-streak left upon the meteor's course. 
An observer at Duxford, near Cambridge, saw not only the meteor but tho 
sparks also through an ordinary white calico window-blind, which was down 
at the time. 

As regards the meteor’s brightness, its light at some points of observation 
fully equalled and perhaps surpassed tho intensity of full moonlight. In a 
letter to Mr. Glaisher, an observer at St. Ives, Hunts, Mr. J. King Watts, 
relates that the meteor “started into view from Ursa Major immediately 
opposite the moon ; it travelled slowly, was of the most intense bright white 
light, round, and five or six times the size of any of the planets. The sky 
was clear and cloudless. We were travelling between the moon and the 
meteor, and our shadows on the road caused by the moon were of course 
large and clear, but those caused by the meteor were more clear and more 
sharply defined.” A notice of no less interest and importance (but with which 
no name and locality were given) appeared in the ‘ Northumberland Daily 
Express/ affording good proof of the intensity and duration of the meteor’s 
light. “ There was a tree in the passage ; and suddenly I found myself sur- 
rounded by a wonderfully bright light, and the shadow of the tree was cast 
on the wall on my left, every leaf and twig more distinctly than in the sun- 
shine.” Believing the light to proceed from a window in the house, and per- 
ceiving it to come from beyond the house, the observer stepped back a few 
paces to the corner, and was just in time to see a most brilliant meteor de- 
scending towards the earth. “ It did not burst or explodo in any way, but 
gradually diminished till it became extinct.” The glare of the meteor’s light 
on the ground, already strongly lighted up by the moon, attracted Mr. J. W. 
Proctor’s attention to it when driving north-westwards from Grimstono 
towards York; and an observer near Carlisle, driving southwards to that 
town from Longtown, describes the meteor’s appearance thus: — “ At 8 h 25“ a 
meteor of most dazzling brightness caught my eye. I saw it first apparently in 
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clow proximity to the full moon, which by the side of the meteor appeared 

S uite pale. Ia colour it was not unlike a Roman candle [white or blue]. 

t moved very slowly through the sky, in a direction westwards and down- 
wards” [The direction assumed in the calculations is towards the point iv h 
or 20* indicated by the hands of a clock, having the moon at the centre of 
the dial.] 

The earth-point of this meteor, as concluded from the observations by Cap- 
tain Tupman, or the place where the meteor’s real path prolonged would 
have reached the ground, is in the neighbourhood of Sedburgh, a town in the 
extreme north-west part of Yorkshire, and not far south-south-eastwards 
from Carlisle, The point of disappearance was at a height of only 13 or 14 
miles above the earth’s surface, not far from Pately Bridge, West Riding, 
Yorkshire. The distance of this latter point from Wath, near Rotherham, 
is about 47 miles, which sound would traverse, with its ordinary speed in air, 
in about 3 m 47*. Mr. W. M. Burman, who saw and describes the meteor as it 
appeared at this place, heard a detonation which, from its close agreement 
with the calculated time required by the sound of the meteor’s disruption at 
disappearance to reach him, was probably a distinctly audible sound of its 
explosion. He writes: — “The magnificent meteor of Tuesday night, Sept. 
14th, was well seen here in a cloudless sky at 8 h 26 m GkM.T. I was walk- 
ing, and the full moon was throwing my shadow on the wall on my right, 
when suddenly a dazzling light shone around, and my shadow vanished from 
the wall. Upon looking np, I saw this magnificent meteor slowly careering 
across the sky, quite overpowering the light of the moon. It passed nearly 
overhead, and disappeared in the N.W. by W. It was of a half-moon shape, 
the preceding part being convex and sharp, the following part flamo-like and 
flickering, and of a brilliant bluish-white colour. No red tinge was seen 
from first to last, nor train, nor sparks. Its diameter was about half that 
of the moon. In that dazzling light it was impossible to see any star ; but 
soon after it had passed I tried to make out its path *. Its total visibility 
was about 6 seconds ; but I only saw it during 4 or 4 \ seconds, as it went 
behind the roof of an adjacent house; but a friend (who saw the end of its 
course from a neighbouring place) says that it simply disappeared, no sparks 
being visible, nor any change of colour. Three and a half minutes after it 
disappeared I heard a sharp and sudden explosion, like the report of a small 
cannon at a distance, exactly from the direction that the meteor had taken ; 
but whether it had any thing to do with the meteor or not I cannot tell.” 
Mr. Burman adds that “ the rumbling of a distant train prevented me from 
hearing any sound during the passage of the meteor, if any such were 
audible;” and it was, in fact, remarked by several who described the meteor, 
that while it was in sight a rushing or hissing sound accompanied its pas- 
sage through the air. Passing over these descriptions as impressions of very 
doubtful positive reality, the case of such a sound recorded at York by Mr. 
Proctor may perhaps be explained as duo to a real detonation, of which he 
gives the following description at that place: — “I have some impression that 
it was accompanied or followed by a rushing sound, and a friend of mine 
thought the same, but amounting to an explosion at a groat distance.” In 
a note of some length in ‘ Nature ’ (vol. xii. p. 400) on large meteors in the 

* Mr. Burman’* position, so nearly under the brightest portion of the meteor’* track, 
may have led to its extreme brightness hiding and overpowering the sparks and duller 
fragment* which, at more distant station*, are said to nave attended and followed tbo 
meteor in some part of its course as a train of redder colour them the head. 
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early part of September, 1875, particulars of tlie appearance of that of 
September 14th as seen at Bradford are extracted from the ‘ Bradford Ob- 
server * of September 15th, where it is related that “ to a spectator it bore 
the appearance of some solid T>ody in a state of combustion, the sparks flying 
out on all sides, and a track of flame being left after its passage. Its passage 
was accompanied by a noise as of a loud explosion, which was plainly heard, 
not only by those who were outside, but by persons inside the houses who 
did not see the aerolite itself. All parties concur in saying that so strong a 
light was cast around that a newspaper could easily be read for the space of 
half a minute/* 

It should be remarked as a curious coincidence, not unfrequently recorded 
in the accounts of large meteors, that a companion fireball of the brilliant 
meteor of September 14th was noticed by one observer of its appearance. Mr. 
J. J. Allinson, at Lynn, Norfolk, states that “ at 8 h 20 m p.m., the moon 
shining brilliantly in a cloudless and clear sky, I saw very low down in the 
eastern heavens a bright meteor of a bluish colour, three or four times the 
size and two or three times the brightness of Venus at her largest and 
brightest. The bearing was about E. by N., and it seemed moving in a 
northerly direction, but, by its getting larger, to bo approaching the spot 
where I was standing. I should say it disappeared before reaching the 
horizon. [There is little doubt, Captain Tupman observes, that this meteor 
belonged to the same meteor-system as the much larger companion fireball 
by which it was shortly followed.] About 4 or 5 minutes afterwards, whilst 
looking in a south-westerly direction, I was attracted by a bright light in the 
north-western sky, and on looking towards that quarter observed a most 
splendid meteor, about the size and colour of the first, but much more 
brilliant, descending from near the last star [ij] in the tail of the Great Bear 
in an almost vertical, but I should say somewhat irregular course/* Of the 
former of these two fireballs no corresponding observations (as it must have 
been seen over distant parts of the North Sea or over Belgium) from other places 
have hitherto been obtained ; but from its central position over the midland 
and northern counties of England, observations of the second extremely bright 
meteor of the pair were recorded abundantly at all stations throughout the 
country, as has been described, from its interest and importance, in the fore- 
going - at considerable length. 

Both this large fireball and that which preceded it on Sept. 7th may be 
presumed from these descriptions to have been “ aerolitic ** or detonating 
ones ; and it is remarkable that they had nearly a common radiant-point, and 
that this point of divergence or real direction of the two meteors* flights iB 
in close agreement with well-established radiant-points of shooting-stars in 
the first half of September, to which the observations of Heis and Schmidt, and 
the meteor-shower lists of Greg and Tupmau, all agree in assigning very nearly 
■ ■■■■■; • places and durations. The following Table, p. 144 (from the 

( Monthly Notices* of the Astronomical Society sup. cit .), describes the results 
of calculation from observations of these three large meteors ; and the closing 
words of his communication to the 1 Astronomical Register* (from which the 
si-inic!;! ir* are extracted) will here describe the astronomical deter- 
minations obtained by Captain Tupman as regards the actual orbits and the 
probable known showers or systems of ordinary shooting-stars to which the 
last two detonating fireballs of these three bright September meteors may, in 
all probability, be conjectured to have belonged. 



Heights and Beal Paths of large September Meteors , 1875. By Captain Tupman. 
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Regarding the second, which, like the last of these meteors, was probably 
aerolifcic, Captain Tupman observes : — 44 It had two heads, one close behind the 
other, or it divided itself at mid course, the two parts slowly increasing their 
distance apart by retardation of the hindermost as they rushed through some 
50 miles in something under 3 seconds of time. This appears to be a proof 
of sensible retardation by the density of the atmosphere, although its pres- 
sure could hardly have exceeded two tenths of an inch of mercury. Had the 
meteor remained in existence another second it would have fallen into the 
village of Castle Hedingham, 5 miles S.W. of Sudbury. The heated matter 
left behind it in the form of a tail was visible along 10 or 15 miles of its 
path ” *. On the resemblance of the orbit of the last of the three meteors 
to that of the second, the following considerations are also adduced : — “ The 
astronomical radiant-point is within 15°, probably within 10° of that of the 
meteor of Sept. 7th. The two meteors were also similar in character, and 
they appear to have moved with nearly equal velocity, something under 20 
miles a second. This part of the heavens has also been known for many 
years as a radiant-region for shooting -stars at this period of the year. 

“ Dr. Heis found for September 343 +10 

Messrs. Grog and Herschel, September 34.4 +12 

Dr. Schmidt, Sept. 3-14 340 + 31 , AO 

„ Sept 344 - 3 / ±U 

Tupman, 1871, Sept. 3-15 343 +13 

“ The mean of the two found by Schmidt is within 3° of the Sept. 14 fire- 
ball radiant, and the mean of the other three is as close to the Sept. 7 
radiant. The old positions, therefore, receive a genuine and unexpected 
confirmation from these two fireballs, the radiants obtained for which are 
certainly quite as accurate as the others, and merit being classed as new 
determinations.” 

An interesting notice (as observed above) of the remarkable fireballs of the 
first two weeks in September appeared in ‘ Nature’ of Sept. 23rd, 1875 (vol. 
xii. p. 460), in the course of which some particulars similar to those related 
above of the appearances of these splendid meteors are described. 

Among the few accurate descriptions which were obtained of the large 
daylight fireball of the 22nd of December, 1875, the accounts of its appear- 
ance by observers at Dorking, at Southampton, and near Ware are included 
in the list of large meteors ac(,«m\p.m\ ing this Report. The following obser- 
vation of it by Mr. T, W. Webb (‘ Nature,’ vol. xii. p. 187) furnishes some 
further extremely valuable notes of its apparent course. 

* It should be observed that in his investigations of the stonefall of Pultusk (Jan. 30, 
1868) it was shown by Galle that tho area upon which the stones fell was vertically below 
the point of the fireball’s disappearance (twenty miles above the earth), and not, as might 
have been anticipated, in the lino of the meteor’s obliquely descending v ■ i»-< *■■■■ . 1 

onwards from that point to meet the earth’s surface. A drawing of the ■’ .!! ■ !' " p 

tember 7, 1875, from a sketch at, the time, was recently communicated to the Committee 
by Mr. II. Corcler, representing his view’ of tho meteor in tho end part of its coui’se, which 
he observed. After a bright disruption into several pieces (seen by other observers), 
two large nuclei were visible, not following each other, but moving side by side, equally 
bright and tapering, and one of them about half a length in advance of the other, with 
a clear interval of about one diameter of each between them. A very small fragment 
waa also visible, which disappeared quickly, while tho two heads continued their course, 
with scarcely any changes oi brightness or of relative position, from near a Andromedae to 
near % Pcrsei, where they died out rather suddenly, leaving no streaks, almost together. 
The sound came from the S.E., where the meteor burst, not from the east, where it died away ; 
and persons who saw it before tho disruption said that the meteor was then a single body. 
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Hay, 8* Wales .*—' u Bee. 22. As our servants wero sitting at dinner by the 
kitchen window, two of them were startled by the sudden appearance of a 
brilliant meteor, apparently descending in the east, with a little inclination 
to north. It was not bo large as the moon, but much larger than Saturn or 
Mars ; white and like lightning, with a very quick course, leaving a train as 
broad as itself, and preserving its full size till lost behind the top of an oak 
tree at a little distance, whose branches, though leafless, seem to have con- 
cealed it from view. The next day I found, by means of a compass and 
joined ruler, that its azimuth was E. by N., its inclination towards north 
about 10°; the upper window-frame, where it probably oamo in sight, 48°, 
and the top of the tree about 18° above the horizon. I have not as yet 
heard of any other observation of this remarkable raetoor. The position of 
Hardwicko Vicarage, where it was seen, ncconliiiu to the Ordnance Map is 
long. W. 3° 4' 23", lat. N. 62° 5' 20" ” 

A comparison of this account with the observation at Braughing by Mr. 
Baw affords a rough determination of the real path and direction and of the 
probable place and altitude of this unusually bright meteor's course above 
the earth's surface ; but owing to the absence of estimates of the duration of 
its flight, no probable value of the meteor’s real velocity can be assigned. 
The course of this daylight meteor appears to have been from about 45 miles 
above the southern part of Warwickshire to about 15 miles above the centre 
of Northamptonshire, disappearing about 50 miles from Mr. Baw's position 
near Ware, in Herts, where he states that no sound of an explosion fol- 
lowing its appearance could be perceived. The direction of its flight was 
from a radiant-point at about It. A. 250°, N. dccl. 20° (near ft Ilcrculis), distant 
about 45° above and westward from the apparent place of the mid- winter 
sun, which was shining brightly above the southern horizon when the meteor 
came in sight*. 

The bright meteor seen in twilight on April 15th, 1876, at Bristol and 
Hawkhurst (see the accompanying fireball-list), must have passed over Ire- 
land or the Irish Channel far west from Bristol, as the position of its apparent 
path there, near the setting planet Venus, differed very little from the simi- 
lar account of its apparent path in Kent. The position of its radiant-point 
cannot have been the usual one in Virgo (about 196°, -|-0) in the early part of 
April, as its recorded path at Bristol, prolonged backwards nearly parallel to 
the ecliptic, crosses the constellation Virgo about 20° south of the equator in 
the neighbourhood of this position, proceeding from the direction of a region 
where no well-established radiant-point of ordinary shooting-stars has hitherto 
been observed. 

The next large meteor, of which many contemporaneous observations were 
communicated to the Committee, some of which have also appeared in the 
daily newspapers, was that of July 25, 1876, about 10 h 5 m p.m. Several ac- 
counts of this fireball are contained in the list of large meteors accompanying 
this Report. It resembled the fireball of September 14th, 1 87 5, in appearance, 
excepting that a decided green hue of the nucleus was observed, and a some- 
what more voluminous train of red sparks and fragments appears to have 
followed the head. The light which it cast was not so intense as that of the 
fireball of September 14, and no sound of a detonation is related to have 
been perceived. The radiant-point of this large fireball was near Antares ; 
but f owing to its recent appearance, the descriptions of it hitherto collected 

* 1 Monthly Notice#’ of the Royal Astronomical Society, vol. xxxvi. p. 217. Mr. Daw's 
place of observation, given as “Brangling” in that account, should have been Braughing, 
near Ware, in Herts. 
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have not been submitted to exact calculation, although some of those recorded 
in the present list are sufficient to determine with considerable accuracy its 
real path. 

From the following descriptions it appears probable that a companion 
meteor may also have been visible, corresponding nearly in the time of its 
appearance with the principal large fireball which was generally observed. 
Mr. John Lane, whose very exact observation of the meteor at Poplar, 
London, is included in the list, remarks : — “ It appears to me there must 
have been two meteors seen near the same time, one sea-green and very large 
[the meteor of 10 h 5 ,a p.m., July 25], the other purple und somewhat smaller. 
The clear observation and description given by Mr. H. Pratt from Brighton I 
cannot harmonize with my own, while some others agreo very well with it. 
My results are that it began vertically over a point in W. long. 1°, N. lat. 
50° 10', and ended over W, long. 2° 15', N. lat. 51° 43', at an elevation of 
about 34 miles. Distance travelled in relation to the earth 120 miles, in the 
orbit of the meteor 170 miles. Actual diameter about 500 yards.” 

The following duplicate observation of a shooting-star from the direction 
of n Lyr© on the date of this largo meteor’s appearance was obtained (as the 
Committee was informed by Mr. Denning) from a comparison of his own ob- 
servations at Bristol with those made by Mr. Clark on that date at Street, 
near Glastonbury, about 20 miles south- soutli-wcstwards from his point of 
observation. 


Asliley Down, Bristol 
(W. F. Denning). 


Street, near Glaston- 
bury, Somerset- 
shire ( J. E. Clark). 


1876, 

= 1st 

Rapid, Radt. 

From 27G°,+4° 

July 25, 

lo* 1 r>r> m p.m. 

mag. 

star. 

near a Lyric. 

to 275°, -5° 

1876, 

— 1st 

11 sec. Direc- 

From 280°, +22° 

July 25, 
10 u 55 m p.m. 

mag. 
star. | 

ted straight 
from Vega. 

to 280°, ±0° 


9° length 
of path. 


22° length 
of path. 


Another large fireball, apparently a Perse id, was very generally seen and 
recorded in the southern counties of England at about ll h 23 m p.m. on the 
11th of August, 1876, several descriptions of which are included in the 
accompanying fireball list. Of this bright meteor (which had a long course 
and possessed great illuminating power, and which left a persistent streak 
visible for about a minute, becoming curved or serpentine before it dis- 
appeared) the real path derivable from the observations hitherto collected has 
not yet been computed from the few exact observations of it which have been 
preserved. But of this fireball, and of an equally bright one which appeared 
at about 9 h 26 m p.m. on August 15, sufficiently abundant materials exist to 
enable their real heights and the true radiant-points or meteor- systems to 
which they must have belonged to be satisfactorily ascertained. As regards 
their brightness and appearance, some observations not contained in the 
above list are here subjoined, for which the Committee is indebted to the 
active correspondence and communications of Mr. Denning respecting the 
several bright meteors which have been visiblo in quick succession during 
the past month of August. 

Keynsham, near Bristol (Mr. H. Marks). — On the 11th of August (1876) 
I wa$ walking along a valley from about 10 h 45 ra to ll h 15 m p.m. [the time is 
a rough approximation], when all at once — I did not notice the star there 
before — an exceedingly bright star shot from about N.E . close to the horizon 
to S.W., leaving a tail I Bhould say about halfway across the heaven, 
gradually disappearing, but not entirely gone, I should think, for 5 minutes. 
The star appeared about tho size of a cocoanut, and caused a grand illumi- 



148 


REPORT — 1876. 


nation, so much like summer lightning that a friend whom I met afterwards 
walking in the opposite direction, and who had not seen the star, asked me if 
I saw the lightning, when I pointed out what it was, and showed him the 
tail. A similar one appeared in about 10 minutes, but not quite so bright, 
taking its course from a little nearer north, and stopping a little nearer south. 
Both of these stars were larger and brighter than any I ever saw before, and 
they increased twofold in size and brightness as they went.” A sketch is 
annexed showing the courses of the meteors Nos. 1 and 2, the first from 
about N.E. by N. to 8.W. by 8., and the second on a course from about 
N.N.E. to S.8.W., both tracks oxtending between points at no very great 
altitude and at nearly equal apparent elevations above the horizon in those 
directions. It appears probable that both of these large meteors were Per- 
sei'ds of considerable brightness, of which the first, however (at about ll h 23 m , 
as observed elsewhere), left the most conspicuous and long-enduring light- 
streak on its course. 

Meteor of August loth, 1876, about 9 h 30 m p.m., Bath (Mr. W. Bush). — 
“ On the above evening I took a seat in my garden at about 9 h 4 5 m p.m. 
at the bock of the house, which faces the south-west. I had scarcely been 
seated more than a minute, when I beheld an exceedingly brilliant meteor 
of a bluish colour, having a very long white train. It was the second largest 
meteor I have ever seen. It was at first perceptible to mo on the eastern 
extremity of Ursa Major, but a little nearer the horizon, I should say at an 
apparent altitude of about 45°. It travelled somewhat obliquely downwards 
from north-east to south-west, and it finally disappeared behind some houses. 
In its transit, which occupied several seconds, it passed behind a cloud, 
and emerging from thence was again equally brilliant.” [The duration given 
is 20 or 30 seconds ; but this cannot be regarded as more than a very rough 
estimation of the real duration of tho meteor’s flight. The point of first 
appearance -described is between Arcturus and tho tail-stars of Ursa Major, 
which were on its left, or “ eastern extremity ” (practically), in the observer’s 
situation facing the south-wcst.J 

The account of this meteor’s appearance by Lieut. H. de H. Haigh at Penn 
Ilthon, Newtown, in Wales (other particulars of his description being given 
in the above list), was as follows : — “ At first it appeared larger, but not much 
more brilliant, than an ordinary shooting-star ; but it rapidly changed colour 
from light yellow to red, and finally to a dazzling white resembling tho 
magnesium light, but far more intense, at the same time giving off volumes 
of smoke, which trailed behind it like the tail of a comet. Its light about 
the middle of its course was so brilliant that one could have read by it.” 

At Pontardawe, Swansea, it is described as the largest meteor ever seen 
in tho district, falling in the north, and illuminating the country for miles 
around. 

At 8t. Clear’s, near Caermarthen, a splendid meteor, with a light like 
that of daylight, moved rapidly “ eastward,” followed by a train of most 
brilliant hues — green, orange, crirasou, and violet. It lasted for about eight 
seconds. Mr. J. P. Norris, at Bristol, wrote “ A splendid meteor has this 
moment fallen due west of this house. It first appeared in the neighbour- 
hood of Arcturus, then seemed to burst and trail light of rainbow colours, 
and was visible nearly to the horizon slanting towards the north. Its 
distance cannot have been great, for we saw it for two thirds of its course 
against a dark cloud. It may therefore have fallen in the neighbourhood of 
Cievedon.” 

The direction of tho meteor’s motion in these accounts, its long dura- 
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tion, and the absence of a persistent light-streak on its course, proves it 
not to have been a Perseid, and the radiant was found by Mr. Denning, from 
other descriptions of its apparent course, to have been in the constellation 
Aquila. A similar optical illusion to that described by Mr. Norris, of the 
fireball appearing to be projected on a background of dark cloud during a 
part of its course, was noticed by an observer of the large fireball of Sep- 
tember 14th, 1875, at Earingdon, Berks, Mr. W. Dundas, who writes that “ the 
sky above was cloudless; but shortly before I lost sight of it some heavy 
clouds low in the sky (and before and after invisiblo) were brightly displayed 
as it passed them. To me it seemed at the time as if the meteor passed 
between me and them, and that the light on them was reflected , not trans- 
mitted, Of course, if the meteor was seen also at Bath it could not be so ; 
but it suffered no visible diminution of brilliancy while passing these 
clouds ” *. 

An observer of the same meteor (August 15, 9.80 p.m.), at Cirencester, 
describes it as very magnificent, “ passing slowly across the north-western 
heavens, about midway between Arcturus and the horizon. The colour was 
a vivid pale green ; it left a greenish wake behind it, and buret with brilliant 
scintillations of whiter light.” 

II. Large Meteors. 

1876, Juno 15, about 8 h 5 m or 8 h 15 m r.M. local time, Suez, and several 
stations on the Grand Canal. — In the ‘ Comptes Bendus, ? vol. lxxxiii. p. 28, 
a number of accounts from the station-masters at many places on the Suez 
Canal, from Suez to Bouville Simsah and llaz-el-beh, aro reported by M. 
Lesseps of a very large detonating meteor which appeared at tho above time. 
At the two latter places no sound of a detonation is described; but the 
meteor was extremely bright, bursting at last like a rocket, and moving in 
the south-east from west to east. This was also the direction of its motion 
at the midway station El-Ferdan, where its light was dazzling, its dura- 
tion was three seconds, and a detonation followed it like distant thunder. 
The detonation was most violent at the “ deversoir” where the meteor like a 
mass of white light moved from south to north, apparently approaching, 
and left in tho zenith after its disappearance a comet-like cloud of light 
visible for several seconds (a perfectly similar appcaranco of the meteor was 
observed at llameses). Almost immediately after its disappearance, a noise 
like that of thunder and detonations, which were for an instant terrifying, 
were heard. At the station of Kabret tlio meteor, intensely bright and 
lasting three seconds, was seen to burst like a rocket, and was immediately 
followed by a thunder-like report. At one of the southernmost stations the 
meteor seemed to fall in tho neighbourhood, descending like a fiery dart, 
which burst at last, and sounds like distant cannons followed two minutes 
after its disappearance. At Suez the meteor illuminated the horizon bril- 
liantly for a few seconds. 

1876, July 8, about 8 h 55 m p.m. (local time), Indiana, U.S. — The following 
letter from Prof. D. Kirkwood appeared in the ‘New York Tribune ’ of 
July 19, 1876, describing the appearance of a very brilliant fireball in the 
State of Indiana, U.S., on the above date, leaving a streak of light of unusual 
duration on its track : — 

“ Sir, — A meteor of extraordinary brilliancy was visible in all parts of 
♦ ‘Astronomical Register* for April 1870, Appendix, p. 11. 
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Indiana on Saturday evening, July 8, about fivo minutes before 9 o’clock. 
Observations of tho phenomenon have been reported from Paoli, Bloomington , 
Indiauopolis, Elkhart, and various other points — the distance apart of the 
first and last-named localities being over 270 miles. Mr. J. W. Hollings- 
worth, of Paoli, says, 4 Spectators agree in giving it a path from H.E. to 
N.W., with an altitude of at first 20°, and disappearing below tho horizon. 
One careful observer states that tho streak of light following remained visible 
more than 40 minutes of time, and all agree in ascribing a diameter of one 
fourth to ono third of a degree.’ At Indianopolis, according to tho 4 Daily 
Journal’ of July 10, tho meteor appeared ‘ in the constellation Cassiopeia at 
a point about 25° above the horizon, whence it proceeded in a right line to 
the north-wost, and passed over an arc of about 30°, and vanished in space 
10° above the horizon.’ 

“According to the observations at Paoli and Indianopolis, the meteor 
became visible at an elevation of 130 mile3 above the oarth’s surface. It is 
to he regretted that sufficient data have not been furnished for determining 
its height at disappearance, tho length of its visible track, and the eccentricity 
of its orbit.” 


Ill, Periodic Star-Showers, 1875-70. 

With the exception of tho annual reappearances of tho PerseVds, there have 
been no marked occurrences of periodic star-sliowers during the past year. 
The few particulars relating to them which have been received will be 
described below ; and tho following details refer chiefly to the display of 
Perseids in 1875 observed on tho continent, accounts of which in England, 
as described in the last Report, w r ere obtained at a few stations only, owing 
to the stormy weather that prevailed on the principal periodic nights. 

Star-Sliower of August *dth-\ 1 th, 1 875 : Observations by the Fi'ench Scientific 
Association ( 4 Comptes Rendus,’ vol. lxxxi. p. 439, September 6th, 1875). — 
Report on the shower in Switzerland and elsewhore, by Dr. C. Wolf, of 
Zurich. At Rochefort, Messrs. Simon and Courbebaisse counted, on the average 
of the whole time of their combined watch during tho night of the 10th of 
August, 133 meteors per hour. At Avignon 858 meteors were mapped in the 
same night between tho hours of 8.35 p.m. and 3 h 40 m a.m. by M. Giraud, 
assisted by several observers. At Lisbon, M. Capello noted at the Observa- 
tory of 'l’lnfant Don Louis ’ what appeared to be a maximum reappearance 
of the shower, 1227 meteors being counted during the watch on the night 
of August 10th. Details of the shower and of the radiant -points distin- 
guished in it were also received from M. Tisserand at Toulouse and from the 
Observatory at Marseilles. 

Prof. Tacchini obtained at Palermo a number of distinct centres of radia- 
tion of the shower, of which the following is a list ; and he remarks that all 
these definite centres, when projected on a map, are included, as he has 
already formerly observed, in a narrow elongated area. 


a = £= a =* £= 


a =* <5= a= 


f43’2 4-54*0 
41*0 4-55 7 Aug. 

41-7 -f-54-5 11th 
42*7 4-51*3 
1,45*1 4-52*0 

Average of all the above subradiant positions 42° *72, 4-53°*21. 


1875. f 4§ +54-5 

Aug. 9th. ■! 44-2 +50 5 . 

V 44 +«* 


'44*0 4-53*0 Aug. 1 ,eo.o 
39 0 +56-8 12th J 41 6 +68 8 
‘ 41-7 +63-5 
44-5 +610 
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At Dijon rftdiant-positions were also observed by Abbd Barney, who noted 
the mean place of the principal radiant for all the nights at R.A. 37°, N. 
Deal, 45° (A), and recorded also the following general centres of showers 
which appeared to accompany the display ; — at It. A, 320°*4, S. Decl. 1°*8 (B), 
and R.A. 331°, Decl. 0°. 

At Bordeaux, M. Lespiault noticed the existence of several secondary 
radiant-points in or near the constellation Cassiopeia. 

Notes of an abundant shower were also received from Rouen, Sainte 
Honorine du Pay, and from Courtenay, whore M. Corun observed a remark- 
able light-cloud, or band of light, stretching with blunted terminations to 
a full length of 120°, and moving eastward, which he conjectures may have 
had some connexion with the display. 

In addition to these observations collected and published in Prance under 
M. Le Verrier’s superintendence, M. Ernest Quetelet communicated to the 
Belgian Academy of Sciences # an account of the August meteor observations 
made at the Royal Observatory at Brussels, and the following numbers of 
meteors were observed ; — 


No. of meteors 
seen. 


August 9th, August 10th, 

10M1\ 9 h 55 m -10 h 55 m ; ll h 45 ra -12 h 45® 
(much cirrus) (some clouds) (quite clear) 

16 31 59 

(3 observers) (3 observers) 


August 11th, 

9 U 50 ni -10 l1 50 w . 
(clear) 


34 

(2 observers) 


Do. in order of 
brightnesa(de- 
scending from 
1st to 6th mag- 
nitude). 


3, 5, 7, 1, 0, 0. 


Totals, 


13, 17, 34, 15, 8, 0. 


18, 28, 51,24,15,1. 


% 6, 10, 8, 7, 1. 


The largest meteor of the shower, at ll h 15 in (Brussels time), on the 10th, ex- 
ceeded Jupiter in brightness, and left a persistent streak visible for 20 seconds, 
which disappeared without presenting any indications of rapid currents in the 
upper atmosphere. Although a pretty bright display, this annual return of 
the August meteors was yet not so remarkable as to distinguish it as an excep- 
tionally great reappearance of the shower. 

At Cheadle, in England t, a very similar view of the shower, confirming 
its marked but not very extraordinary intensity, was obtained by Mr. G. T. 
Ryves, whoso observations of the Persei'ds in 1871, communicated to the 
Committee by Mr. 8yraons, as follows, must have enabled him to make a fair 
comparison between the abundance of the meteors seen on this and on that 
earlier occasion : — “ Took up a station at the top of the Wrekin with a party 
of friends for the purpose of observing the periodic display of meteors, 
Aug. 10th, 1871. Counted about 70 between 9 h 30® and ll h 30 m p.m:., nearly 
all in the neighbourhood of the constellations of Perseus and Cepheus; none 
very remarkable. A larger number seen on our way home from ll h 30 m p.m. 
to 2 h 15 m a.m., and of larger size, but not counted. One very brilliant one [sec 
the fireball-list in this Report], about 0 h 33 m a.m., lighting up the country.” 

* Bulletins de F Acad. R. des Sciences de Belgique, 2* s4rie, tome 39, 1875. 

+ * Astronomical Register,’ 1875, p. 222. Erratum . — The position of the radiant-point 
of the Perseids in 1874 assigned by Mr, W. F. Denning at Bristol, in the * Astronomical 
Register* of Sept. 1874, “ bewteen B, C Camelopardi and x Persei, at R.A. 2 fe 55 m , D. 58° 
30* N.,” was at R.A. 44°, N. Decl. 58 0, 5; not, as misprinted in these Reports (for 1875, 
p. 213), at R.A, 39°, N, Decl. 58°*5. 
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October, November, and December Star-Showers, 1875. — Of the annual 
meteor-showers in October and December no observations have been received. 
The state of the sky was unfavourable for continued observations on the 
periodio dates, and in the intervals of cloudless hours devoted at some sta- 
tions to a watch, the preparations for recording the Orionids and Geminids 
in 1875 were unsuccessful, these showers being apparently absent on the 
expected dates. At Stony hurst Observatory a meteor-watch was kept on the 
mornings of November 12th and 15th, and also at the Royal Observatory, 
Greenwich, on the latter morning, with favourable conditions of the sky, but 
in bright moonlight*. In 2|- or 3 hours before daybreak on the first 
morning eight meteors wero mapped at Stonyhurst College, two or three of 
which wero Leonids, three Taurida, and the rest apparently sporadic. 
Twenty-four meteors at Stonyhurst and twenty-six meteors at Greenwich 
were mapped in 3| or 4 hours of generally clear sky on the morning of the 
15th, of which ten or twelve meteors noted at each place wero Leonids, and 
the rest were either Taurids or wero directed from less certainly determined 
radiant-points. On the intervening mornings of the 13th and 14th the sky 
was either wholly or almost entirely overcast. 

The Geminids of December 11-13, 1875, were watched for in England 
without success on account of cloudy skies ; and equally unfavourable con- 
ditions prevented any satisfactory observations of tho meteors of the lst~2nd 
of January, 1876, from being made. But the night of January 1st proving 
clear at Sunderland, Mr. Backhouse saw two meteors, unconformable, on that- 
evening, in a few minutes’ watch, and towards five o’clock on the morning of 
the 2nd of January two others in 15 minutes, which were conformable to tho 
radiant-point of the annual shower. On the following morning also, at about 
2 h a.m., Mr. Backhouse noted one meteor only in a watch of 23 minutes, 
when the sky, which had been overcast beforo, cleared partially, and it was 
conformable to the radiant-point of the shower. 

The following notice of some shooting-stars seen by the expedition nndor 
Captain Parry in the Arctic seas occurs in the narrative of his third voyage 
(p. 64), relating the events of tho winter at Port Bowen in the year 1824, 
and it appears to indicate an appearance of the Geminids with considerable 
brightness in December of that year ; hut the description includes meteors 
from other radiants as well as a particularly bright one directed exactly 
from the radiant in Gemini of the annual shower. The changes of the 
weather which accompanied those appearances being regarded by Captain 
Parry as in some intimate manner connected with the apparition of tho 
meteors, are described in full detail ; hut except to observe that the meteors 
seen appear to have been as exceptionally remarkable as the sudden changes 
of the weather with which they were presumed to be associated, the notable 
features of the wind and weather which are stated in the original account to 
have accompanied them need not here be reproduced at length, but only 
the passages of tho narrative may be transcribed in which the apparent paths 
and appearances of the meteors seen were recorded with careful accuracy and 
completeness. The particulars of a few meteors thus successfully preserved 
will doubtless be held by navigators and explorers as offering them a use- 
ful example for repeating wherever practicable, and making known in 
future to the best of their information, such highly valuable observations. 
“ The meteors called falling stars were much more frequent during this 
winter than we ever before saw them, and particularly during the month 

* ‘Monthly Notices of the Astronomical Society/ yol. xxxvi. pp. 83 and 272 (December 
1875 and March 1876). 



OBSERVATIONS OF LUMINOUS METEORS. 


153 


of December [1824]. On the 8tb, at 7| h p.m., a large and pretty brilliant 
meteor of this kind fell in the S.8.W. On the following day, between 
4 h and 5 U p.m., another, very brilliant, was observed in the N., failing from 
an altitude of about 35° till lost behind the land. On the 12th no less 

than 5 meteors of this kind were observed in a quarter of an hour ; 

the account' furnished me by Mr. Ross, who with Mr. Bell observed the 

phenomena [ was ] as follows : — At ll h 15 m my attention was 

directed by Mr. Bell to some meteors which he had observed, and in less 
than a quarter of an hour five were seen. The two first, noticed only by 
Mr. Bell, fell in quick succession, probably not more than two minutes apart ; 
the third appeared about eight minutes after these, and exceeded in bril- 
liancy any of the surrounding stars. It took a direction from near ft Tauri, 
and passing slowly towards the Pleiades left behind it sparks like the tail of 
a rocket, these being visible for a few seconds after the meteor appeared to 
burst, which it did close to the Pleiades [the direction of this meteor is 
exactly from the radiant-point r Geminorum, close behind it, of the Geminids 
of December 12th]. The fourth meteor made its appearance very near the 
samo place as the last, and about 5 m after it. Taking the course of those seen 
by Mr. Bell, it passed to the eastward, and disappeared halfway between 
ft Tauri and Gemini. The fifth of these meteors was seen to the eastward, 
passing through a space of about 5° from north to south, parallel to tho 
horizon, and moving along the upper part of the cloud haze which still 
extended to the altitude of 5° or 0°. It was more dim than the rest, and of 
a red colour like Aldebaran. Tho third of theso meteors was the only one 
that left a tail behind it as above described. There was a faint appearance 
of aurora to the westward, near the horizon.” [With the exception of the 
third of theso five meteors, the radiants from which they were directed are 
undetermined, and appear to have had no connexion with that of the annual 
meteor-shower in Gemini.] 

The April Meteors in 1876. — No intimations of the appearance of the 
Lyraids on tho nights of April 18th-20th, 1876, have reached the Committee, 
probably owing to the very unfavourable weather for observation which pre- 
vailed. This year being a leap-year, the occurrence of the shower might be 
expected to be a day earlier than on ordinary years (April 19th-20th) ; and 
the following letter in 4 Nature ’ (vol. xiv. p. 26) from Professor Kirkwood, 
of Bloomington, Ind., probably describes a considerable apparition of these 
meteors in the United States on the expected meteoric date. 

“ Between 10 and 12 o’clock on the night of April 18th, Mr. W. L. 
Taylor, a member of the Junior Class in the State University, with several 
other gentlemen, observed an unusual number of shooting-stars. Theso 
gentlemen were returning in an open waggon from Elletsville, eight miles 
north of Bloomington. No count was kept of the number of meteors observed, 
but the appearance was so frequent as to attract the attention of all the com- 
pany. Mr. Taylor thinks the number noticed cannot have been less than 
twolve or fifteen. Prom the descriptions given of the meteor- tracks, I find 
that they were nearly conformable to the radiant of the Lyraids. The 
meteors were remarkably brilliant, apparently equal to stars of the first or 
second magnitude. At my request, Mr. Benjamin Yail, a student of tho Uni- 
versity, made observations on the nights of the 19th and 20th of April. 
Both nights were so cloudy, however, that a continuous watch would have 
been useless. About 11 o’clock on the night of the 19th three meteors 
were seen in the north-west, where the sky at the time was partially clear.” 

The August Meteors in 1876. — A large list of observations of the Perseids, 
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in 1870, has been communicated to the Committee by observers at Birming- 
ham, Bristol, Buntingford (Herts), Hawkburst (Kent), Sunderland, and York; 
and the past year’s list of meteor observations at the Kadoliffe Observatory, 
Oxford, contains very numerous observations on the meteors of the shower. 
The state of the sky was generally very favourable for observations (although 
the moon had passed its first quarter during the seoond week in August), and 
the number of observations is rather ascribable to this cause than to any 
great intensity of the shower which was observed. The maximum hourly 
frequency of the meteors noted by one observer at any time during the watch 
scarcely exceeded twenty-five or thirty meteors per hour, of which five or six 
were unoonformable and the rest Perseids ; and the latter were not con- 
spicuous in brightness or in leaving very persistent streaks. A few large 
Perseids wore recorded, details of the brightest of which (on the 11th at 
ll h 22 m , and on the 13th at 9 h 27 m ) are inoluded in the descriptions of 
large meteors given in the foregoing list. The maximum frequency of the 
meteors took place during the night of the 10th to 11th of August, when 
one observer might count from 25 to 30 Perseids in an hour ; but the number 
visible on the nights of the 9th and 11th were much loss than this, and not 
more than 15 or 20 Perseids could be noted in the same time. Their radia- 
tion was in general accurate, and the centre of divergence of the recorded 
paths was not far from the usual position of the radiant-point of the Bhowcr 
near ij PerseV. The number of unconformable meteors visible during tho 
period of the annual watch was about 6 or 8 per hour, and more than 60 of 
their paths were mapped. The radiant-points which they indicate are very 
numerous, their tracks belonging, with very little apparent ascendancy of 
any particular shower, to almost all those known to be in activity during the 
time of continuance of the August shower. Several accordances of meteors 
simultaneously observed at distant places, besides those of large meteors above 
mentioned, are contained in tho observations ; and of theso and of other points 
of special interest in the several descriptions the Committee trust to com- 
municate the details, and an account of tho results of a oompleto discussion 
which they are at present undergoing, in another year’s Report. 

The annexed extract from the ‘ English Mechanic’ of September 8, 1876, 
contains, besides some observations on the shower, a notice of a large Perseid 
of which some other exact observations are described (at p. 134) in the general 
fireball list of this Report : — 

“ August Meteors. — The following note of the August meteors as seen from 
this place may interest some of your readers. On the night of the 10th, 
between 9 h 15 m and 1 h 15 m , 134 were observed. Of those seen before mid- 
night the greater portion appeared to have a radiant-point in Cassiopeia, but 
those seen afterwards came from the cluster ^Persei, The numbers observed 
during this month are as follows ; — 

Date, 1876, August 9th, 10th, 11th, 12th, 18th, 27th. 

Meteors observed 21 134 25 8 13 12 

One of the meteors seen on the 13th deserves special mention. It appeared 
at about 9 h 27 m , as nearly as I could judge, in semidarkness, moving in a line 
from x Persei, and passing with a rapid motion across a small star distant 
about 30' (minutes of arc) vertically over J TTrsas Majoris. It was as bright 
as Yenus, and it left a tail for 4 or 5 seconds. — J. Pabnell, Folkestone,” 
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Special Catalogues and General Comparative Lists of Meteor •Showers. 

As the scattered lists of meteor radiant-points, or general centres of diver- 
gence of shooting-stars, on ordinary nights of the year are at present, from 
the dispersed materials and limited accessibility of such catalogues, most unser- 
viceable for the use of observers, the attempt which has during the past year 
been made by Mr. Greg to present a carefully condensed and revised collection 
of all such observations in a single comprehensive list will be recognized by 
assiduous recorders of shooting-stars as affording them an invaluable fund of 
useful information on the previously ascertained positions of all the best 
known and best determined radiant-points of such probably distinct showers 
or meteor-systems as they may meet with in their observations. With a 
view to grouping new observations of the places and durations of shower-apices 
under the best-established average dates and directions of the hitherto known 
centres of divergence of ordinary shooting-stars, Mr. Greg compiled last year 
a valuable condensed list of meteor-showers from all the published catalogues 
and observations accessible to him, including all the older and all the most 
recently recorded showers of the northern or southern hemispheres visible in 
the latitude of Greenwich. A single chart illustrating the list was at 
the same time drawn by Mr. Greg, and it was the intention of the Com- 
mittee to have printed and issued this catalogue and map, together with 
an introduction containing directions for their use, in the form of a separate 
pamphlet during the past year to assist observers ; but the additional 
matter sought to be included with it in the pamphlet being yet unfinished, 
and the necessity felt by observers for a full and correct list of the known 
average centres of radiation of ordinary shooting-stars being one of the 
most urgent and important of the requirements which it has been the object 
of the Committee during the past year to supply, the course which it has 
appeared to them most desirable to adopt (the first stage of the projected 
compilation having thus far been completed) is to present Mr, Greg’s Cata- 
logue and Map (which hero follow) in this Report, as a useful companion 
to observers for reference and guidance in recording appearances of meteor- 
showers. The reference-numbers of the list coincide with those of Mr. Greg’s 
earlier list (contained in the volume for 1874 of these Reports), with some 
r< ‘irrungiMiients and with considerable additions (from the last No., 187, of 
the earlier list *) to embrace new showers. By consulting the earlier list, 
references more or less complete will be found to all the original observations 
of these meteor-showers ; and with the assistance of the key-map a ready 
and convenient, and for the most part perfect, means is thus afforded of de- 
termining the degree of importance or the possible distinctness of a newly 
observed meteor radiant-point from any previously known observations of 
meteor-showers resembling it which may already have been elsewhere 
recorded, 

* In the new entries some numbers temporarily assigned last year (these Reports for 
1875, p. 228) to new showers there for the first time pointed out are not uniformly 
adhered to in the following list, which is condensed ana extended throughout, directly 
from the last similar complete comparative list of the year 1874. 



A general Comparative Table of Radiant-positions and Duration of Meteor-showers visible in the Northern Hemisphere 
by R. P. Grog, F.R.A.S. &c., 1875, accompanied by a Map (Plate IV.). 

Collated from the Catalogues of Prof. Heis, Signors Schiaparelli and Zezioli, Dr. J. Schmidt, Capt. G. L. Tupman Bi 
Association Reports, 1850-1874, the Radeliffe and Royal Observatory (Greenwich) Catalogues of Observations of Shod 
stars, Drs. Neuraayer and Heis's Results of Meteor Observations in the Southern Hemisphere, and from other sources. 
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Table of Radiant-positions and Duration of Meteor-showers (continued). 
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IV. Aerolites. 

Several falls of meteorites (one of them of much importance) have recently 
occurred, detailed accounts of which, and of recent researches on aerolites 
and on aerolitic meteors, have been collected during the past year by Dr. 
Plight, and form in this Appendix (see Part II.) a continuation of the similar 
abstracts contained in last year’s Report. 


Part I. — A Review of recent Stonefalls and of Papers relating to Meteorites . 

By A. 8. Herschel. 

The following falls of meteorites have been placed on record since the date 
of the last of those which were there described ; — - 

a.d. 1814, — — Gurramconda, near Chittoor, North Arcot, Madras, 

India. 

„ 1875, Sept. 14, 4 h p.m. Supino, circ. Frosinone, Italy. 

„ 1876, Apr. 20, 3 h 40 m p.m. ltowtou, near Wellington, Salop, England 
(Ironfall). 

„ 1876, June 28, ll h -12 h a.m. Sulldalon, Dalecarlia, Swedon. (See ac- 
count of this aerolite at the end of this Appendix.) 

The following descriptions have also boon given of meteoric appearances, 
presumably aerolitic, of which no further corroborations have hitherto been 
received. 

1875, Feb. 10th, Isle d’OU'ron, and March 9th, Orleans, France. (See 
these Reports, vol. for 1875, p. 206.) In the French weekly scientific 
journal 4 Les Mondcs/ vol. xxxvi. p. 458 (March 25th, 1875), these meteors 
are described as falls of aerolites. It appears probable from this description 
that they were detonating fireballs ; but of this, and of their possible aerolitic 
characters, no other evidence has been produced of which the Committee has 
yet received intelligence. 

The following notice of large meteors seen in America in December and 
January last, by Mr. C. W. Irish, of Iowa City, U.8., although affirming them 
to have both been of the detonating class, does not distinctly pronounce them 
to have been accompanied by falls of aerolites ; but one at least of these fire- 
balls produced a very loud explosion. “ In the last week (tho 27th) of 
December, 1875, at 9 h p.m., and also in the first week of January, 1876, large 
meteors traversed the air near the south boundary of this (Iowa) State. One 
passed near Ringold Co., south-easterly ; the other passed over St. Joseph, in 
the State of Missouri, travelling eastwards ; and both came to tho earth, T 
think, very brilliant and noisy. It is stated, in the 4 Kansas Chiof ’ of 
December 30th, that after a lapse of 2 minutes after tho disappearance of 
the meteor of the 27th, a Bound like the discharge of a heavy cannon was 
heard, or rather one loud explosion followed by a lighter one. It jarred houses 
and rattled windows.” 

From the 4 Scientific American 9 of August 12th, 1876 (p. 98), Mr. Wood 
communicates the following apparently authentic record of a recent fall of an 
aerolite in Kentucky, U.S.,no meteor, however, being described, and no other 
details of the occurrence having yet been received : — 44 The Louisville 4 Courier 
Joumar states that on July 18th (1876), at 4 h a.m., Mr. White, watchman of the 
Whiteford engine-house, whilst on duty, was startled by a loud report, like 
that of a pistol, and instantly following some heavy substance fell into tho 
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street a few feet distant. Mr. White searched, and found imbedded in the 
ground a stone of the appearance of dark flint, weighing about two pounds. 
The stone was broken to pieces, and examined during the day by several 
scientific gentlemen, who pronounced it genuine meteoric substance. The 
probable solution is that the explosion occurred at a greater distance than was 
supposed, and that this was but a small fragment of a large aerolite.” 

To the many valuable essays on the physical characters of aerolites with 
which Professor Maskelyne Las from time to time enlarged the extent of our 
knowledge of the real nature of these bodies, and to the unremitting zeal with 
which he has collected in the British Museum a series of authentic specimens 
of meteorites not excelled in any other national mineralogical collection, we 
owe many of the most interesting discoveries and conclusions of scientific 
importance regarding the probable history of meteorites which have been 
arrived at in recent years. Some outline of the progress that has been 
made in these investigations was given in the concluding paragraphs of last 
year’s Report ; but a very valuable summary of the existing state of know- 
ledge on the composition, structure, and probable history of meteorites has 
appeared in a scries of papers*, published during the past year by Professor 
Maskelyne, entitled “ Some Lecture Notes on Meteorites,” to which, as they 
contain a most instructive review of the many points of information accu- 
mulated during a prolonged period of successful and diligent research, the 
Committee has especial satisfaction (while noticing in this Report the prin- 
cipal contributions to aerolitic science during the past year, notable additions 
to which were made in onr own country) in being able to refer. These 
useful Lecture Notes contain in a few condensed and readily accessible pages 
tho mature results of almost numberless scattered treatises and memoirs ; 
and besides the certain basis of instruction which they offer on the ordinary 
features of composition, structure, and typical characters of meteorites, and 
of the circumstances which attend their fall, a store of useful hints and germs 
of future theories arc thrown out regarding the extra-terrestrial conditions of 
rock-formation on distant astronomical bodies from which these strange frag- 
ments are derived. In connexion with the discoveries (and especially with 
the views advanced by Mr. Lockyer to explain them) of the spectroscope 
regarding tho selective arrangement and definite elevations of certain ele- 
ments forming the ordinary ingredients of terrestrial rocks in the outer layers 
of tho sun’s atmosphere, the low degree of oxidation which invariably cha- 
racterizes the constituent minerals of meteorites appears, among the conjec- 
tures to which Professor Maskelyne draws attention, no longer to be a singular 
peculiarity of the parent bodies from which they were projected, but a condition 
of their surfaces which corresponds exactly w ith the common assumption of 
their small dimensions, usually regarded as a necessary supposition to account 
for the projection and liberation of aerolites from the attraction of those 
distant spheres by forces of ordinary eruptive violence. Such views of the 
arrangement and concentration of the elements by gravity in condensing cos- 
mical masses, tending, in the order of superposition of their densities, to eli- 
minate as much oxygen and other light-atomed elements as they contain 
towards the surfaces, if, as appears very probable, they should soon be con- 
firmed by a more perfectly discriminating scrutiny of tho sun’s atmosphere 
with the spectroscope, w T ill link together more closely than beforo the evidence 
which the spectroscope affords, and which has independently been gathered 


* ‘ Nature,* vol. xii. pp. 485, 504, 520 (September 30 and October 7, 14, 1875). 
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from a minute examination of meteorites, that the materials and the laws 
of aggregation of the elementary substances constituting the largest and the 
smallest suns and planets are essentially the same, only differing very strikingly 
from each other in their scale. Conditions which we notice on the sun and 
on our own globe we may regard as having in all probability once presided 
over the process of condensation of every planet from a state of vapour, and 
as having notably collected on the surfaces of the small meteorite-yielding 
planetoids, in exact proportion to their size, less oxygen than we find existing 
on the surface of the earth. Passing over many valuable pages of descriptive 
matter in tho 4 Notes/ containing exact accounts and appropriate discussions 
of many new as well as formerly narrated particulars and observations, it 
should be stated that the explanation given in one of the first paragraphs 
of the first article in ‘ Nature ’ ( loco sup, cit, p. 487) of tho characteristic 
pittings of the surfaces of meteoric stones and irons, supposing them to arise 
from exfoliation of pieces of the stone or iron by the sudden expansion of tho 
material produced by heat, is set aside in a later paper by Professor Maskelyne 
in favour of a far more natural and more probable hypothesis, the leading 
poiuts of which will be presently described* 

The meteoric fall of the greatest interest during the past year was that of 
an aerosideritc, or piece of metallic iron, which fell in Shropshire, eight or ten 
miles north of the Wrekin, on the 20th of April, 1876. ltain was falling 
heavily, unaccompanied by lightning or thunder, and the sky was thickly 
overcast for some time before and after the hour, 3 h 40 m p.m., when the event 
took place. At that time a strange rumbling noise was heard, followed by a 
startling explosion like a discharge of heavy artillery, audiblo over an area 
several miles in extent among the u ighl.-Miriiig villages of Shropshire. Tho 
meteorite was found about an hour after this occurrence by the tenant of a 
grass field, near the town of Wellington, Mr. Brooks, who had occasion to 
visit the spot, and observing the ground to have been disturbed, probed tho 
hole which the meteorite had made, and discovered it at a depth of 18 inches 
below the surface. Some men at work at no great distance had heard tho 
noise of its descent, but without being able to indicate the exact place or its 
direction. The hole was nearly perpendicular, the meteorite having entered 
the ground almost vertically in a north-west to south-easterly direction, and 
when found it was still quite warm. It weighs 7J lbs., and is a mass of 
metallic iron irregularly angular, although all its edges appear to have been 
rounded by fusion in its transit through tho air, and, except at the point 
where it first struck the ground, it is covered with a thin black pellicle of the 
magnetic oxide of iron. The surface is somewhat pitted or marked with 
slight depressions, one of which occurring in a fissure of the mass affords some 
instructive evidence of the causes of their formation. Tho exposed metallic 
part of the surface exhibits crystalline structure very clearly when it is etched. 
The meteorite was first exhibited publicly at a local bazaar, held in Wolver- 
hampton, and afterwards at a meeting of the Natural History Society of Bir- 
mingham, by whose representations to the agent of the Duke of Cleveland, 
and by the Duke’s consent, in whose property it fell, it was presented to the 
British Museum. It is only the seventh aerosideritc, or meteoric iron, of 
which the fall has been witnessed*, although upwards of a hundred iron 
masses have been discovered in different parts of tho globe, which are un- 

* For a list of the earlier known examples of such ironfalls, see these Beports (vol. 
for 1875, p. 246), 
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doubtedly meteoric, and two such have been found in Great Britain. The 
falls of eight stony meteorites have been recorded in this country, of which 
the last happened at Killetor, in Ireland, on the 29th of April, 1844. A 
Section of the Rowton siderite for analysis will shortly be made ; and the 
foregoing description of the meteorite, and of the circumstances attending 
its fall, are extracted from an account of the occurrence of the aerosiderite by 
Professor Maskelyne, in 4 Nature’ of July 27th, 1876 (vol. xiv. p. 472). 

Regarding the origin of the remarkable pittings of the surfaces of aerolites 
and aerosiderites, an opinion was lately expressed and advocated by Daubree *, 
that in their flight through the air they undergo erosion and excavation by joint 
effects of fusion and combustion, assisted mainly by air vortices attacking most 
violently certain portions of their surface. An important paper on this subject, 
bv Professor Maskelyne, was published more recently in the 4 Philosophical 
Magazine ’ of August 1876. It is true that pittings identical in appearance 
with those of meteorites are found on the surfaces of certain large grains of 
powder blown unconsumed from the mouths of the largo modern rifled 
ordnance (excellent specimens of this kind received from Professor Abel 
and Major Noble having been shown by Professor Maskelyne to Mr. 
Daubree in the summer of 1875) ; hut two important grounds for exception, 
in regard to this explanation, are pointed out by Professor Maskelyne, 
which must not be overlooked. The closest examination of the molten 
glaze with which, like other parts of their surfaces, the pittings or depres- 
sions of meteorites are coated over, shows no indications of vorticose action 
of the air, although stream-lines of the glaze from front to rear are of 
frequent and conspicuous occurrence. The process of atmospheric combina- 
tion, or combustion, is also rare, if not entirely absent, during the period of 
most intense operation of the heat, as is shown by particles of metallic iron 
which are occasionally found imbedded in the glaze, and even by cases 
where the highly oxidizablo mineral Oldhamite (calcium sulphide), occurring 
in spherules in the Bustee meteorite, is glazed over equally with the Augite, 
without offering any signs of combustion or of the production of cavities 
where they are exposed. On the other hand, the readier fusibility of some 
constituent minerals of meteorites appears to determine the formation of 
depressions of the surface where they present themselves ; and among the 
magnesian silicates which form the principal materials of stony meteorites, it 
appears that the more ferruginous varieties are somewhat more fusible than 
the more purely magnesiferous silicates, which, with minor assemblages of 
other minerals, enter, in very various proportions, into the composition 
of tho stony masses of aerolites. If the entire process of surface-melting 
and abstraction which meteorites undergo is thus correctly represented, the 
question of the amount of fracture and division into separate parts which they 
may suffer by their collision with the atmosphere is one which is yet undecided ; 
and many difficulties beset the inquiry if meteorites arc single bodies, or if, 
as numerous examples appear to testify, they sometimes enter the atmo- 
sphere in swarms. An important dissertation on this question by F. Mohr 
appeared during tho past year in Liebig’s 4 Annalen’f ; and a paper by Yon 
Tschertnak (of which a brief abstract was presented in last year’s Report), 
on the same subject of the probable origin and of the original forms of 
aerolites, is now translated in exten&o in the Supplementary No. for Juno 
1876 of the 4 Philosophical Magazine.’ 

* * Comptes Reudua/ April 24th, 1876. 

t Vol. clxxix. pp. 257-282. 
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Part II. — Accounts of Aerolites and Aerolitic Meteors , and Abstracts of 
recent Researches on them . By W. Plight. 

1875, February 12th, 10.30 p.m. (Chicago time). — Iowa Co., State of Iowa*. 

The conclusions arrived at by Wright, on examining the gases occluded by 
the iron of these meteorites, have been referred to in the Report (B.A.) for 
1875, p. 240. He considered that the stony meteorites were distinguished 
from the iron ones by having the oxides of carbon, chiefly the dioxide, as 
their characteristic gases iustead of hydrogen. This theory has been called 
in question by Mallet, who refers to his examination of the gases of the iron 
of Augusta Co., Virginia, where the ratio of the oxides of carbon to hydrogen 
is 4 : 3, and to his having pointed out in 1872 that hydrogen could no longer 
be regarded as the characteristic gaseous ingredient of meteoric iron. In his 
paper of that date he stated that although it might be assumed that carbonic 
oxide would be tho original form in which the gaseous carbon- compounds 
existed in the iron, and that it broke up at tho tomperature of tho experiment 
into carbon retained by tho iron and into carbonic acid, yet in view of tho 
steady decrease of the quantity of the lattor gas which was evolved as the 
experiment proceeded, it seems more likely that a larger amount of carbon 
originally existed in the higher state of oxidation. Mallet considers that, 
when all the circumstances of the experiment are considered in each case, 
Wright’s conclusion cannot be sustained. 

In a paper dated some months later, Wright replies to Mallet’s criticism. 
31c states that ho only meant this expression of opinion to he tentative, but 
that the results of further work completely justify the conclusion at which 
he had arrived. He has re-examined the gases of the iron of this meteorite, 
aud examined those of the iron of some other stony meteorites, such as Ohio, 
Pultusk, Parnallcc, and Weston, and finds that not only do the stony mete- 
orites give oft' a much larger volume of gas at low temperatures, but the 
composition of the gas in all the cases studied is quite different from that 
evolved from meteoric iron. In no case among the results obtained with tho 
alloy is the amount of carbonic acid greater than 20 per cent, at 500°, nor 
than 15 percent, of the whole quantity evolved, whilo in every case but 
one the volume of carbonic oxide is considerably larger. In the chondritic 
meteorites, on the other hand, tho percentage of the latter gas is conspicuously 
small, while the carbonic acid constitutes more than half the total gas evolved 
below a red heat, except in the case of the meteorite under consideration 
which fell at Iowa, and here the percentage is not much less, especially if we 
reject the numbers representing the amount obtained by a second and long- 
continued application of a red heat. At a temperature of about 350° it 
constitutes from 80 to 00 per cent, of the gaseous products, and at 90° it 
forms more than 90 per cent, of the gas evolved. The hydrogen, on the 
other hand, progressively increases in quantity with tho rise of temperature, 
and is the most important constituent of the first portions removed at a red 
heat. The form in which the carbonic acid is occluded is a problem which 
he cannot at present solve. That it is actually absorbed appears to be certain. 

* J. W. Mallet, ‘Amcr. Joum. Sc.’ 1875, vol. x. p. 206; N. R. Leonard, ib. vol. x. 
p. 357 ; A. W. Wright, ‘ Amer. Joum. Sc.’ 1876, vol. xi. p. 253 ; “ An Account of the 
Detonating Meteor of February 12, 1876,” by C. W. Irish, Iowa City, 1875, Daily Press 
Job Printing Office, Dubuque Street ; M. Delafoutaine, Bibliotheque Universelle,’ October 
1875, p. 188; G. A. Daubrec, ‘ L’Institut,’ 1875 (Nos. 105-122), p. 138; C. W. Giimbel, 

‘ Sitzungsber, Ak. Wisa. Mttnchen,’ 1875, vol. v. p. 313. 
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That it has been taken up from the atmosphere has been proposed. He finds, 
however, that the iron of the Iowa meteorite contains no more carbonic acid 
now than it did at the time of its fall. 

Leonard gives a detailed account of the appearance presented by the moteor, 
which is stated to have been seen throughout a region 400 miles from S.W. 
to N.E., and 250 miles in breadth. The stones vary in weight from a few 
ounces to 74 lbs., and the aggregate weight is 500 lbs. ; the area over which 
they were scattered appears to be 7 miles in length, and 4 miles at its greatest 
breadth. A plan of the townships included in this area is given in Leonard’s 
paper, and it shows where the chief stones fell. By reason of the frozen 
condition of the ground at the time of the fall, and the low angle of descent, it 
appears probable that almost all the fragments which fell have been socured. 
The velocity of the meteor has not been satisfactorily determined ; it appears 
probable that during the last GO or 70 miles of its course it travelled at the 
rate of from G to 7 miles per second. 

An interesting pamphlet by Mr. Irish, C.E., deals with the appearance 
presented by the meteor. He has incorporated in his paper a number of 
lotters received from observers stationed over a wide area, describing their 
impressions as to its altitude, velocity, and appearance ; and he has given a 
drawing of the meteor, and prepared a map of the district, showing the pro- 
jection of its path through the air. I learn by a rocent letter from Mr. Irish 
that two blocks, one weighing 72 lbs., the other 48 lbs., which evidently 
formed one and the same mass which was disrupted during the descent, have 
since been found ; and the aggregate weight of the stones now collected cannot 
be less than 700 lbs. I am also indebted to Mr. Irish for six excellent- 
photographs of the Iowa stones, sixty-seven in number, which form the 
collections of Prof. Hinrichs, Mr. J. P. Irish, and himself. They were taken 
by Mr. Thomas James, of Iowa city, and are in the very best style of photo- 
graphic art. 

Prof. <J umbel, of Munich, has recently published an interesting paper on 
the characters of this meteorite. He finds the crust to possess a deep bottlo- 
green or brownish-red colour, and to possess in polarized light all the 
characters of an amorphous glass-like mass. When a fragment is heated it 
turns of a dark brown colour, like that noticed by him in the eruptive rocks 
of the Fichtelgebirg, and he regards this change as a safe indication of the 
presence of olivine. 

The composition of the stone is found to be : — 


Meteoric iron 12 32 

Troilite f>*25 

Silicate, decomposed by acid 48 11 

Silicate, not acted upon by acid 34*32 


100 00 

The silicate decomposed by acid is an olivine, having the formula 
2 (£ MgO, $ FcO), Si0 2 ; and the insolublo silicate, which has been regarded 
by Dr. Lawrence Smith as pyroxene, gave the oxygen ratios — silicic acid 
ss 29-68 ; bases = 10-29. It appears not improbable that in this case the 
silicato was not completely decomposed during analysis. 

The paper is illustrated with an interesting plate of a microscopic section 
showing olivine, augite, meteoric iron, chromite, troilite, particles of a reddish 
huo which resemblo garnet but which doubly refract light and exhibit optical 
characters which will not allow of their being identified with nosean, and 
chondra showing fibrous, radiate, and granular structure, as well as others 
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which evidently consist of olivine, and some which are opaque and finely 
granular. The meteorio iron has a haokly angular structure, and has the 
appeal amv which it would present if reduced to the metallic state in the 
position which it at present occupies. 

1875, December 27th, 9 p.m. — Kansas. 

I have to thank Mr. Irish, C.E., of Iowa City, for two cuttings from 
newspapers (the Kansas Chief of December 30th, and the Kansas Even- 
ing Post of December 29th) recording the fall of a detonating meteor of 
the above date. It traversed the heavens in a direction from N.W, to S.E., 
leaving a lurid streak in its wake. The whole heavens were lighted 
up, and “ made all out of doors almost as light as full moonlight.” The 
meteor was of the usual whitish-red colour, and when it exploded the fiery 
fragments were scattered in all directions. a Perhaps two minutes later, and 
after all appearance of the meteor had disappeared, the sound of the explo- 
sion came like the discharge of a heavy cannon ; or rather one loud explosion, 
immediately followed by a lighter one like an echo. The explosion jarred 
houses and rattled windows. The size of the meteor and the terrible force 
of the explosion may be imagined from the fact that the distance was so great 
that it required about two minutes for the sound to reach the earth, and tho 
concussion was so plainly felt and heard at that distance. The phenomenon 
was witnessed over a large extent of country .” * An observer, writing from 
Eort Leavenworth, states that it appeared to have its origin in the constel- 
lation Cassiopeia, and its course was due east. Mr. Irish states that ho has 
made every effort to secure possession of tho meteorites which must havo 
fallen, but has been unsuccessful. The time of flight is estimated to havo 
been from 12 to 15 seconds. 

1875, December 27th, 9.20 r.M. — State of Missouri, U.S.A. 

I am indebted to Mr. Irish, C.E., of Iowa City, for an interesting description of 
this detonating meteor, as well as for a map, on which he has traced its course. 
The point where it was first seen in the zenith is at Thayer, in Nebraska, 
near the borders of Kansas, and about 120 miles W. of the Missouri river. It 
was seen by him at Iowa City first as a small meteor, which rapidly became 
brighter, and was hidden from view when at an altitude of about 40° by a 
building ; at this moment it gave out a very brilliant quivering flash of light, 
which illuminated the whole heavens. It appears from Mr. Irish’s map to 
have been seen over a wide area, from Stillwater in Minnesota on the north, 
to Buffalo in Missouri on the south, and as far west as the shores of Lake 
Michigan. Near the termination of the flight sounds were heard: over 
Archer, in Nebraska, a rushing roaring sound, as of a mighty wind, was 
noticed ; at St. Joseph, in Missouri, the first distinct explosion was remarked, 
and between that town and Livingstone Co. frequent and very heavy detona- 
tions occurred. In the last-mentioned district, and at places as far as 60 miles 
distant, numerous red fragments were seen to fall. He says,“ I havo had several 
persons looking for the meteorites where the fall must have taken place; but 
the whole district is covered with dense forest, and is mountainous and broken, 
and the ground was very soft from the long -continued rains preceding the 
fall, so that no fragments have been found. All the observers of the final 
explosion agree that the great bulk of the material was thrown upward and 
backward upon ^ the course of the meteor, as the arrow-pointed dots in 
my sketch indicate. The luminous appearance continued in sight for 
15 minutes,” 
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1876, January 5th, 10.30 p.m. — Iowa and Missouri. 

This meteor, according to Mr. Irish’s letter and accompanying map, was 
witnessed over an area extending from Cass, in Iowa, to Grundy, in Missouri. It 
appeared to descend almost perpendicularly, and was a very brilliant meteor, 
and a Very noisy one also. A series of reports twenty-two in number were 
heard during its transit from Cass to Grundy. The rumbling thunder of its 
artillery, together with its flashes of brilliant light, brought people from their 
beds with an apprehension that the great Civil War had broken out afresh. Its 
time of flight over the area indicated was not more than five seconds, and the 
light it emitted is said to have equalled that of noonday. None of the 
meteorites which must have fallen have been found, for the reasons already 
referred to when speaking of the detonating meteor of December 27th. 

1876, January 31st, 5.30 p.m. — Louisville, Kentucky. 

Dr. Lawrence Smith, of Louisville, observed a magnificent meteor traversing 
the heavens on the afternoon of the above day. He first saw it at an altitude 
of about 60° above the horizon, and it disappeared from view behind some 
houses at an elevation of about 20°. Its direction appears to have been from 
N.W. to S.E., and the angular magnitude about one sixth that of the disk of 
the moon. It was seen over an area 120 miles in diameter. A number of 
observers witnessed an explosion which took place when the meteor was 
about l0° above the horizon ; all the fragments disappeared instantly, except 
the largest, which also became invisible before it reached the horizon. One 
or two of the eye-witnesses think they noticed a whizzing noise, and at the 
time of bursting heard the explosion. No fragments of a meteorite have yet 
been met with ; but it is the opinion of Dr. Smith that they fell about the 
range of the Cumberland Mountains in Kentucky, or in the north-east of 
Tennessee. 

1876, April 7th (evening). — Eporjes, Hungary*. 

A fireball passed over Eperjos 8° [? E. or W.] from the meridian, and 
detonated at an altitude of 38° above the horizon. It exploded with a very 
loud noise, and broke into numerous fiery fragments. 

1876, June 28th, 11-12 a.m. Sj.dld si, Dalccarlia, Sweden. 

A meteor traversed a part of Central Sweden in aW.N.W. direction, and was 
plainly visible in the very bright sunshine. It was observed at Stockholm and 
at Sodermanland ; at 13 English miles S.W. of Linkoping it was seen first in 
an N.W. direction, and at a considerable altitude, and it descended almost to 
the horizon in the west. A loud whistling noise was heard in the air from 
E. to W., followed by two sharp reports, and others less loud resembling 
thunder. The fall of the meteorites was witnessed by eight or ten persons, 
and three or four fragments have been secured by Dr. Lindstrom. The 
largest, about the size of two fists, weighs 4£ skalpund [1 lb. av. = 1*068 ltt. 
or skalpundj. Stulldaien is a station on the Swedish Central Itailway, on 
the northernmost part of Orebrolan. Some of the meteorites which fell in 
water have been lost. 

* Eg^et6rt6ri 6s Magyar Ujsag. Budapest, April 13, 1876. 
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REPORT-— 1876 . 


Report on the Rainfall of the British Isles for the years 1875-76, by 
a Committee consisting of C. Brooke, F.R.S. (Chairman), J. F. 
Bateman, C.E., F.R.S., Rogers Field, C.E., J. Glaisiier, F.R.S., 
T. Hawksley, C.E., The Earl of Rosse, F,R.S ., J. Smyth, Jun., 
C.E., C. Tomlinson, F.R.S., G. J. Symons (Secretary). 

In accordance with the resolution of the Association, the Rainfall Committee, 
originally appointed in the year 1805, now present their final report. 

They gave in the report presented at Bristol in 1875 a condensed account 
of the contents of their previous reports. 

This year they present the various tables and explanatory remarks upon 
them which are necessary to complete the work up to the present time, ex- 
cepting that referred to in the 7th following p iragraph. 

The tables are as follows, namely : — 

I. Examination of Rain-Gauges. 

II. Rainfall of the years 1874-5. 

III. Monthly returns from new Irish stations. 

Examination of Rain-Gauges in situ. — Appended to this report are the 
results of the examination of 20 i iiu ,h i;;g<s visited since August 1875. 
This brings the entire number which have been visited and examined up 
to 655. The Committee regard this as a very important subject, and the 
best guarantee of the records furnished by the observers. They have more 
than once expressed their conviction that (lie proper course would have 
been to appoint a travelling inspector, so that the whole of the gauges might 
be properly examined ; but they have never had adequate funds for the pur- 
pose. In fact, the total amount they had been able to devote to it in the 15 
years during which the inspections have been going on has only been .£210, 
or an average of exactly .£ 1 1 a year. The explanation of tho smallness of the 
amount in comparison with the work effected (about (>*?. 5d. per station visited) 
arises from the fact that it has been almost entirely done by our Secretary, 
who, as a member of the Association, received nothing for his services but 
merely repayment of actual expenses, and even these have been materially 
reduced by the hospitality of the observers. 

Rainfall of the years 1874-5. — The usual biennial tables of monthly rain- 
fall at selected stations are appended. Ever since their appointment the Com- 
mittee have continued these biennial tables, and as Mr. Symons had submit- 
ted similar ones for some years previous to their appointment, the entire series 
embraces 16 consecutive years. Subject only to changes rendered necessary 
by the removal or death of observers, the same stations have been quoted in 
each biennial table, and thus these tables contain about 200 perfect records, 
each extending over 16 consecutive years. Only those persons who are aware 
of the great importance of continuity in physical researches will fully realize 
the value of this scries, both for physical and hydrological purposes. 

The Rainfall of 1874 was slightly below the average, owing to a rather 
dry spring and exceedingly dry summer. The most remarkable feature of 
the year was the heavy fall of rain on October Oth, when the average fall 
over England and Wales was slightly above 1 inch in the 24 hours, and the 
fall at many stations in North Wales and the Lake District was upwards of 
5 inches. 8o heavy a fall over so large an area is a very rare occurrence. 

The Rainfall of 1875 was greatly above the average in England (especially 
in tho Midland Counties), and ii regular in Scotland and Ireland. Avery 
heavy rainfall occurred in Wales and the southern parts of England on July 
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14th ; the fall in 24 hours exceeded 1 inch at 252 stations, 2 inches at 109, 
3 inches at 39, 4 inches at 7, and 5 inches at 3 stations. 

New Irish Stations . — We reported last year the success of our efforts to 
improve the geographical distribution of Bainfall Stations in Ireland, showed 
that the gauges started at the cost of the Association had been supplemented 
by many others established at the cost of private individuals, and gave a map 
showing the present complete distribution of stations. Almost all the ob- 
servers have proved good ones, and, as the table shows, the returns have 
been forwarded with regularity. The period is too short to yield precise 
results, but a good system has been inaugurated and is in full operation. 

At the commencement of this report it was stated that there was one very 
important exception to the otherwise satisfactory completion of the work up 
to the present time. This exception is the classified list of stations, and the 
results of the “ position-returns ” which we intended to have incorporated 
therewith. In 1865 wo published a complete list of every station in the 
British Isles at which rainfall observations were known to have been made, 
giving the observers’ names, the height of the staiions above mean sea-level, 
the epoch of the observations, and various other details. Owing to the large 
development of rainfall work during the subsequent 10 years, tho list has 
becomo very imperfect, and the Committee have been actively engaged in the 
preparation of a revised list. In addition to the details previously given, the 
list was also to have contained other most valuable information. The 
“ position-returns ” obtained from the various stations, and which have been 
mentioned in previous reports, were to have been summarized, and the results 
indicated by symbols affixed to the stations in the classified list, and references 
to publications in which the records could be found were also to have been 
added. The classified list of stations would thus have formed a complete 
catalogue raisonne of all the existing rainfall data, and have given most 
useful information at present non-existent. To the great regret of the Com- 
mittee, the Association declined to publish the portion of this list presented 
last year, and tho Committee have therefore felt compelled to relinquish its 
completion. They the more deeply regret this, as they consider that .the 
publication of this list would have been a fitting termination of their work, 
and would have redounded to the credit of the Association. 

Notwithstanding the above most important omission, the Committee feel 
they have done good service to rainfall work. AVhen they commenced their 
labours, tho weakest part of rainfall observations was the defective geographi- 
cal distribution of the stations. This defect has now been very materially 
lessened. By tho grants of the Association nearly 250 gauges have been 
erected in districts hitherto without observations. The work done in the inspec- 
tion of stations has already been mentioned. A definite unit has been adopted 
for tho term u rainy' day',” namely, any day on which one 100th of an inch of 
rain falls. A complete code of rules has been drawn up, so as to secure uni- 
formity of practice among observers. The secular variation of tho rainfall of 
the British Isles has been investigated. A determination of the average 
proportion of tho total yearly rainfall which occurs in each month has 
been effected. Elaborate observations have been made and discussed on the 
relative quantity of rain indicated by gauges of various sizes and shapes, and 
erected at different heights above the ground. 

To sum up their labours in a sentence, your Committee have aimed — they 
hopo not without success — primarily at obtaining unimpeachable records ; 
and, secondarily, at so discussing and .sir:.'— hi.: these records as to render 
them as useful as possible to physical inquirers and hydraulic engineers. 
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list of Stations supplied with Rain-gauges by the British 


County. 


Cork . 
Kerry. 


Tipperary 

Limerick 


Clare 


Kilkenny 


King’s County. 

Kildare 

Dublin 

Meath 


Longford . 

»> • 
Galway ..... 
Mayo 


Sligo ... 
Leitrim 


Fermanagh 
Monaghan .. 

Armagh 

Down 


Antrim 


Londonderry . 
Tyrone 


Donegal . 


Station. 


Skibbereen 

KiHarney, Gap of Dunloe j 

Tralee, Godfrey Place 

Ti|)|h-rary Henry Street | 

N< '.null, Lueka Lodge 

Newcastle, Baile au Teampul .. j 

Limerick, Kilcoman j 

Janevihe, Tipperary i 

Kilrush 

Miltown Malbay 

Corofln 

Kilkenny, Butler House ... 

Castlecomer 

Banagher 

Naas, Ballymorc- Eustace 

Bathgar 

Navan, Balrath 

Kells 

Longford Barracks 

Granard Barracks 

Ballinasloe, Kilcoijnell .... 
Westport, Bossbeg House . 

Bangor, Glenturk Lodge ! 

Sligo, Ballinful I 

Carrick-on-Shannon, Drums mi..: 
Mohill, Dromrahan 

„ I 

Carrick-on-Shannon I 

Drumkeerin, Spencer Harbour... 

„ „ „ Coil.; 

Irvinestown, Eglinton Lodge ...j 

Bockcorry ' 

Newtownhamilton j 

Kilkeel ! 

Warrenpoint, Summer Hill ... 1 

Newry, Newcastle 

Bathfriland 

Hillsborough, Anahilt ’ 

Newtownards, Model School .. • 

Crumlin ' 

Ballymoney, Church Street 

Bushmills 

Londonderry, Knockan I 

Moy, Benburb 

Stewartstown 

Strabano 

Inver Glebe 

Camdonagh 


Jan. 

Feb. 

March 

April. 

May. 

June. 

592 

1 

279 

1*62 

r 53 

3*02 


677 

*96 

179 

ri 4 

3’2I 

4*02 

500 

i*39 

l ‘5 l 

l ‘*4 

2’0 J 

3'4 X 

(396) 

•*9 

119 

99 

x ’4,3 

3*3<> 

4’9® 

I ‘00 

1*65 

1*20 

152 

396 

(3'9 J ) 

103 

1*19 

1*96 

rSi 

4*09 

7*57 

■ S3 

r8o 

'V 

329 

4*°3 

4*21 

•92 

I 1 11 

1 67 

191 

5*c6 

476 

x *3 l 

*7* 

I ’9 I 

276 

5 X 7 

(s* *) 

'96 

! 111 

170 

278 

4 59 

4*33 

I'27 

‘9 1 

•90 

1*52 

278 

(4’4) 


171 

•86 

•68 

3*54 

3-11 

•83 

*99 

•83 

2*11 

3*52 

(5*47) 

3*57 

i’3 2 

74 

2*00 

313 

(475) 

171 

ob 

•84 

278 

312 

476 




i*°3 

2’09 

3’S 1 

1*2 1 

*94 




5* 1 * 

I ’2 1 





(609) 

7* 

’9 X 

i*34 

3* 1 5 

487 

478 

77 

r 7S 

172 

*‘39 

3-64 

573 

! r8 9 

1-82 

**** 

411 

4*64 

r 93 

j 1 06 

x ’*3 

1 roi ! 

2 ' if i 

2*94 

5 41 

; X ’5 X 

•90 

1 ■■50 

3*63 

4*34 

4 86 

«•»! 

1*00 

; -99 

2*88 

*75 

(3 '99) 

I x ' 4 * 

79 

j 1*15 

**37 

4*36 

(3'*9) 1 

206 

2*04 

ill 

4*35 

6*17 

(, 7 '*°) ! 

2*17 

2’03 

I'52 

470 

7 ' 4 ° 

(4'89) 

i'53 

, ’59 

1 78 

361 

3'02 

4'99 

r 54 

1*23 

'34 

213 

4*00 

( 483 ) 

2-00 

r 53 

'54 

2*22 

4*02 






3*58 

483 

*’57 

1 '94 

•51 

2*15 

4*74 

1213 I 

216 1 

1 '45 

•62 

1*50 

4*99 

(5'58) j 

2*22 1 

■•38 

•18 

I 67 

4 * 5 * 

3*59 i 

r 4 r | 

■•04 

* x 3 

1-83 

3*08 

4-16 1 

■96 

ro2 

*39 

I-8 4 

3 * 3 * 

4‘*9 ; 

mi j 

ros 

*39 

I 80 

3*40 

377 1 

r 47 

■•63 

•09 

■•83 

2*65 

3-15 1 

1-26 

r 4 I 

'43 

2*03 

**98 

(3-4) 

'87 

1*92 

•81 

2*20 

**94 

3-48 

r 4 i 

•96 

•36 

1*82 

2*91 

53* 

1**4 

126 

39 

2*01 

3*02 

416 

viS 

*'35 

70 

2*11 

**95 

(3-51) 

1*63 

156 

r$9 

2*42 

4*4* 

...... 


i*47 

72 

3'oo 

4*00 
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Association in 1874, and Returns therefrom for 1875-76. 


July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

July. 

'95 

2‘6o 

8*30 

5*88 

4*88 

2*73 

2*61 

5 ‘ 21 

2*59 

4*75 

•io 

V1J 

2 '55 

a *53 

2*22 

8*76 

6*76 

3*37 

4*02 

3*03 

4*99 

47 2 

2*89 

ru 

2*88 

*75 

4 - 5 * 

2*42 

784 

7-38 

356 

2*30 

1*28 

4 *n 

4*93 

3'*3 

73 

i *34 

1*32 

213 

2-94 

546 

3 '48 

3*54 

2*09 








i *93 

3 *i 7 

7*12 

5*26 

4*20 

2*23 

ri3 

4*39 

4*82 

2*49 

**i 4 

1*46 

1*48 

278 

4*80 

576 

4*99 

3*34 

2*04 

•96 

378 

4*45 

3*37 

* 9 * 

*^45 


3 ' 3 ® 

3*60 

7*60 

2*97 

4**3 

181 

172 

5*27 

4*43 

2*38 

*79 

2*18 

2*03 

2’4I 

*'59 

5-98 

6*63 

2*93 

2*97 






2*93 

1*22 

* 5 * 

3‘22 

4*24 

697 

473 

3*59 

3-60 

2*36 

4 * 5 ° 

3-87 

3-26 

*93 

2*56 

3*10 

177 

2 *74 

7*02 

5*09 

3*43 

3 * 7 * 

2 **3 

4-87 

4 * 5 S 

2-80 

•69 

i*68 

2*71 

4*05 

2*54 

5*66 

5 ’ 9 ° 

2*52 

* 73 

*93 

4' 6 3 

3**5 

2*24 

•61 

ru 

1*26 

3*57 

1*98 

6*13 

6*53 

477 

*94 








1*81 

3'°4 

5 -i6 

3*95 

3S7 

2*22 

1*26 

4-69 

3 * 9 ° 

2*26 

*94 

1*70 

171 

304 

1*31 

4 * 5 * 

3*8 1 

4**4 

2 *55 

**53 

3-98 

VS 1 

2 ‘43 

•85 

2*12 

1*61 

4-68 

1*48 

5 '47 

4*39 

( 3 ‘ 93 > 

2*00 

77 

3 60 

2 ’54 

1*88 

•67 

1*47 

1*27 

1-58 

2-04 

5*97 

5 * 3 * 

4 60 









2-28 

2*42 

5 * 5 2 

379 

3*67 

3*20 

2*07 

4*94 

4-63 

3*02 

*74 

1*68 

r 53 

278 

318 

6*32 

476 

318 

4*28 

339 

5*34 

5*22 

2*59 

*54 

2 *55 

2*35 

3* 2 9 

2*12 

4*8 1 

5'39 

5 *i 

424 

5*37 

6*37 

7**3 

4*20 

2*11 

4*99 

2*14 

3*49 

2*68 

3*24 

4'44 

3-56 

2*0 9 

1*24 

4*47 

3*80 

2 *55 

* 5 2 

**35 

i'ii 

1*69 

4*21 ; 

4*49 

5 °9 

(4-8*) 

3**4 

2*25 

4*83 

4*39 

2*69 

?*oo 

?77 

i *59 



1 




2 ' 2 7 

5'55 

l 3*65 

2*5° 

*92 

1 55 

2 '33 

1*81 1 

3-48 

4*04 

3 * 0 5 

3*61 

2 ’33 

2*26 

5*63 

4*09 

2 *54 

*47 

1*49 

1*26 

2 *43 

4*62 

5* 2 5 

5 * 0 4 

5 ‘ 3 2 

3 ' 7 i 



! 





2*66 

6*32 

S 77 

5*60 

6*67 

4*86 








274 

4*50 

■ 379 

5 ' 7 2 

4*49 

2*34 








2*60 

37 * 

| 4*^4 

5 83 

5-03 

2*27 

1*65 

4*48 

3*37 

2*l8 

*59 

1*41 

2*00 

3*47 

4* 60 

j 5*53 

5*93 

5*55 | 

2*88 

**95 

5 *o 5 

4*82 

2*80 

*75 i 

2*28 

2*02 

3 * 3 2 

4*02 i 

529 

5*74 

4*59 1 

1-63 

1*21 

3*44 

2*28 

2*42 

•40 j 

**75 

1*76 

3-20 

3*62 

8*40 

7*86 

5 * 8 ? 

3*°5 

2*26 

5*18 

3*43 

2*67 

•42 

2*48 

1*31 

3*81 

3*06 

8*99 

7 * 9 ° 

896 

3*66 








3 ‘ 5 * 

2*64 

6*38 

6*28 

S*io 

2*10 

i*6o 

3**4 

2*18 

3*09 

rio 

2*17 

1*40 

4**7 

3**7 

4*22 

5 94 

4*57 

*’54 

**49 

4*50 

271 

*•39 

*44 

2*70 

2*26 

2 *55 

1 90 1 

1 4*28 

5*9 

4*37 

2*16 

; **34 

3*55 

2*47 

1*56 

*44 

2*69 

1*69 

3*16 

4*52 

i 3‘ 2 3 

4 * 5 * 

3*88 

2*28 

**45 

4*20 

3*02 

2*11 

•81 

2*59 

2*42 

3*00 

1 3*37 

! 3 ‘ 3 2 

3*93 

4*5 

2*13 

i **73 

3*18 

4 * 3 2 

2*22 

•84 

2*30 

2*39 

2’05 

4**7 

y 9 8 

5**9 

4*74 

261 

I **^7 

3*47 

4*49 j 

2*03 

*57 I 

2 ’97 ; 

2*78 

2 ’45 

2*90 

4*54 

4 * 7 o 

1 4*86 

3*28 

! 2 ‘34 

5*44 

5 * 5 2 j 

272 

*54 1 

2*70 

2*39 

4-38 

4**3 

5*26 

6*69 

691 

r 95 I 

** 5 * 

5*08 

4*64 | 

2*03 

*33 | 

1*65 

1*85 

3*10 

2-85 

3*55 

4*92 

5*98 

2*84 

l 2*C9 

5*16 

4*45 ! 

2* 1 1 

* 5 6 ; 

2*90 

1*36 

**45 

(3 55 ) 

2*13 

410 

4*89 

2 *97 i 

! 

t 







276 

498 

3*87 

5*66 

5*40 

! 3 * 59 , 

278 

5*39 

7*02 

4 * 3 ^ 

T2 7 ; 

3*2* 

2*54 

2*40 

2*64 

4 * 3 * 

6*31 

5*32 

3*30 

! 3’°3 

579 

4*73 

2‘8i 

i 

1 

64 i 

2*93 

2*45 
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EXAMINATION OF 


1 d 

'll 

I ! § . 

j COUNTY. : '■§ & 

1 « g> 

Height of ! 
gauge. [ 

P h 

1 OWNER. | | » 

j Observer, i J © 

Maker’s name. | ^ 

sg 

i 

Above 

ground. 

Above 

tea. 

level 

1875 . 

j ! 

| 

Negretti&Zambm 9a.n1, 

! 

! 

1 

ft. in. 

feet. . 

630. Aug. 31 

1 

1 

j GLOUCESTERSHIRE. X. 

! South Parade, Clifton. 

DR. G. F. BURDER. 

Dr. Burder. 

0 6 

192 

631.I Sept. 10. 

t 

i 

63a] Sept. 11. 

! 

! DEVONSHIRE. ' XII. 

i Martinhoe. j 

REV. C. SCRIVFN. ' 

; Rev. C. Striven. j 

( Morel? 

j 

Casella Irregu- 

Glass anon. | lar. 

1 

1 0 

825 

1 

1 

| i 

j DEVONSHIRE. , funnel 

« Ilfracombe Hotel. 1 dis- 

ILFRACOMBE HOTEL COMB, oharg. 
Mr. Tat hum. \ mg 

into 
tube. 

Anon 1 9 a.m. 

12 6 

34 

t 633-, Get. 7. 

j 

j j 

DURHAM. X* 

Rnbv Castle. 

0. J. SYMONS , Esq. 

Mr. Westcott. 

! 

Casella 9 a.m. 

I 0 

460 i 

1 

i 

1 

1 

634.1 Oct. 7. 

I 

DURHAM. III. 

Whorlton. 

REV. A. W. HEADLAM. '■ 

Rev. A. W. Hcadlam. i 

Anon 

i 

j j 

0 10 

1 

400 

635. Sept. 27. 

i 

1 

YORKSHIRE. ! III. 

Great Avton, Middlesborough. j 

MR. DIXON. i 

I | 

Anon > 

; 1 

' i 

t 

i 

4 8 

3co 

1 

i 

636.J Oct. 26. ; 

! 1 

! i 

i 

1 1 

KENT. ' X. 

St. Augustine's Monastery, Ramsgate 

REV. FATHER Qt’ELCH. 

Rev. Father Quelch. j 

j 

Xegretti&Zambra 9 a.m.. 

1 

0 6 

! 

} 

637^ Sept. 25. 

i 

_L._. 

DURHAM. | XII. 

Eggleaeliffe. 

REV. J. HULL. 

The Gardener. . 

i . 

CWlki 9 a.m. 

1 j 

1 0 

80 


* Thii mark denote that the gauge has a deep Snowdoniau rim 
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RAIN-GAUGES (continued from Brit. Amc. ltep. 1875, p. 111). 


Diameters 

(that 

marked 

M=mean). 

Equivalent*! of 
water. 

| «— ■ 

| Error at ; Azimuth and an- 
| scale-point gular elevation of 
! specified in i objects above 

1 previous ' mouth of rain- 
! column. ! gauge. 

Remarks on position &c. 

Reference 
number. ! 

in, 

1 in. 

1 

in. 




8 'oo 

•1 

1250 

-f 001 

S.E Tree, (in 0 . 

1 In garden at back of house, and 

630. 

a 8*6o 

*2 

2510 

4* 002 

S S VV. House, 4 o c 

: much sheltered. 


" 8*oo 

*3 

375° 

+ •003 

N.E Tree, 40 °. 

| 


! 7 ‘94 

*4 

5010 

+•004 




j M 7-985 







1 

« 5 ‘00 


500 

— *001 

Nothing injurious 

Gauge only emptied at intervals, 

631. 

! 4*98 

*2 

1040 

— *010 

1 

and monthly total recorded. 


! 5’co 

•3 

1 520 

— •008 


Observer had an 8-m. Howard’s 


| 4 ' 9 8 

'4 

2000 

—•005 

1 

tube-gauge fairly correct , sug- 


M 4*990 

'5 

2470 

correct. 


gest ed i ts erect l on and daily record . 


i 12*00 

*i 

2850 

correct 


On apex of a summerhouse-like 

632 

12*00 

*2 

5700 

correct. 


thermometer-stand, in grounds 


12*00 

•3 

8460 

+ 004 


of hotel. 


12*00 







Ml 2*000 







8*oi 

*t 

1 300 

— •003 

N.E. Greenhouse, 2 *2 C 

In garden N. of Castle; clear, 

« 3 j- 

7 9 8 

*2 

2350 

— ‘001 

i 

except as noted. 


8 00 

‘3 

38 10 

correct. 




8*02 

'4 

5 ° 5 b 

+ '00$ 

1 



M 8*002 

’5 

.6390 

correct . 

■ 

! 


5 c8 

*i 

480 

-f*oo6 

Qu tr clc.ir, in garden 

This is evidently a 5 -in. glass ap- 

63+. 

5-0, 

*2 

990 

-f- *006 

E. ol elmrch. 

plied to a gauge 5 0(1 in. diam- 


S '°7 

•3 

1450 

+•015 


eter: hence the recorded fall is 


s'cs ; 

'4 

i960 

+ '015 


too large. 


31 5*062 

•5 

l 

2450 

■f ‘018 




. 5 ' 02 

*i 

460 

+ •007 

N.W. Trees, 30 °. 

Gauge on a pedestal, very ricketty 

*> 35 - 

4*98 

*2 

960 

+ •006 


and not well attended to. 


5*00 

'3 

I460 

4- *005 




5*00 

'4 

1950 

-f *006 




M 5*000 

'5 

2450 

-f-*oo6 




8*01 

•1 

1248 

4* 002 

N. angle of Mo- 

Good position in garden of Mo* 

636. 

8*00 

*2 

2500 

4- *003 

j nastery, 32 °. 

nustery. 


799 

3 

3760 

+ 004 




8*oi 

•4 

5050 

4- *003 




M 8*002 

'5 

63CO 

4**004 




5*03 

*1 

520 

— 005 

1 S. one Poplar, 130 ° 

Gauge on lawn. Trees rather too 

637. 

496 

*2 

1020 

— •006 

S.W. Acacias, 41 °! 

close, but probably not sensibly 


498 

*3 

1480 

correct. 

iN.NW. House, 30 ° 

injurious. 


498 

*4 

I980 

— '001 

! E. Lilacs, 45 °. 



M 4*9 8 8 

•5 

2500 

— 'co6 

S.E. Acacia, 35 °. 




1870. 


N 
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REPORT — 1876 , 


EXAMINATION OF 


1- 

§J 

Date of j 
examination. 

1 

COUNTY. 

Station. 

0 

0 . 

Z §> 
a 2 

L • 

j 'S go 

MnkerVnamo. 1 a 

s l 

Height of 
. gauge. 

«s s 

OWNER. 

Observer, 

£ 

0 0 

0 

Above 

ground. 

Above 

sea> 

level. 


1875. 



i 

ft. in. 

feet. 

638. 

Nov. 1. 

WILTSIIIKK. 

The Green, Marlborough. 

REV. T. A. PRESTON. 

, Rev. T. A. Preston. 

XII* 

Casella 9 a.m. 

1 

! 

I 0 

472 

1 

1 

i 

1 

639. 

Nov. 3. 

GLOUCESTERSHIRE. 
County Asylum, Gloucester. 

DR.' TOLLER. 

X. 

Negretti AZambra 9 a.m. 

1 

1 

0 6 

j 

j 

640. Nov. 5. 

HEREFORDSHIRE. 
Richmond Place, Hereford 

E. J 1 SHELL, ESQ. 

E. J. Isbell, Esq. 

X. 

1 

1 

■ 

6 0 

1 

j 

188 1 

I 

641. Nov. 5. 

1 

HEREFORDSHIRE. 

The AhvIuiu, Hereford. 

T. A. CHAPMAN, ESQ., M D. j 
T. A. Chapman , Esq., M.D. 

i III. 

j 

: : 

Anon 9 a.m. 

; 

i 

* 3 


642. Nov. 4. 

1 

HEREFORDSHIRE. 

The Grain. Ross. 

H. SOU'J HALL, ESQ 

H. Southall \ Esq. 

! 111. 

Anon 9 a 111 

! 1 0 

1 

1 

200 

643. Nov. 8 

MKKlONEJ'll. 

Rhiwbnfdir. 

Ill 

Casella 9 a.m. 

l 

10 0 

1 

1 

i j 

; 1100 : 

! 


MAJOR MATHEW. 
Mr. 0 Jones. 


644. So v. 9. CARS ARVOS. 

Warwick House, Llandudno. 
DR. N 1 COL. 

Dr. Nival. 


545., Bee. 20. NORFOLK. 

j Millington School. 

REV. Ii FFOLKES. 
\ Rev. H. Ffolkes. 


546. Bee. 20. ! NORFOLK. 

1 j Millington Rectory, 

i REV. H. FFOLKES. 

\ 1 Rev. 11 . Ffolkes. 


X. Xegrelti AZumbra 9 a.m. ‘ 1 o 


XI. ( Negretti&Zambra 9 a.m. 3 6 


I I 


X. ; Negretti AZanibra 9 a.m. 1 0 


* This mark denotes that the gauge hub a deep Snoudonian nun 
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RAIN -GAUGES ( continued ). 



Equivalents of 

Error at 

Azimuth and an- 


g c 

3 s J 1 

water. 

scale-point 
specified in 

gular elevation of 


11 



objects above 

Remarks on position &c. 

jg 

a Ja a 8 

JSfl II 



Scale- 

Grain* . 

previous 

mouth of rain- 


(2 s 

p » 

point. 

column. 

gauge. 


in. 

4*98 

5-02 

in. 


in. 





500 

990 

correct. 

Cloar 

In meteorological enclosure, 30 
feet from nearest (low) building. 

638. 

'2 

4* ‘00 1 


4 97 


1480 

+■003 




5’o8 

'4 

1980 

4- -002 




M 5012 

•5 

2470 

+ ‘004 




775 

•\ 

1350 

— -oo 7 

Fan* exposure ... 

Gauge had been struck by a mow- 

639. 

8-02 

'2 

2600 

— •007 

ing machine and very much in- 


7*98 

'3 

3«5° 

— 006 


dented. 


8*03 

’4 

5040 

— •003 




M 7-945 

‘5 

broken 





8*oi 

1 

1290 

— 002 

W.N W House, 22° 

In small garden in rear of house. 

640. 

7*99 

2 

2540 

correct. 

S.E Tree, 83°. 

Gauge fixed in a box upon a 


7*99 

'3 

3790 

4* '00 1 


post. 


8-oi 

'4 

5020 

4- *004 




M 8 "ooo 

•5 

6300 

4**004 




4-92 
$ ‘00 

•i 

490 

980 



Perfectly clear on open lawn 

641. 

•2 

correct. 



5 02 

*3 

1480 

— 003 




4-92 

4 

1980 

— •005 




M 4 965 

*5 

2470 

— -005 




5 02 

•1 

500 

— 001 

N. Tree, 34°. 

On lawn ; good exposure except 

642. 

5*oo 

*2 

970 

4- -004 

N.W. Tree, $$°. 

as noted. 


4*99 


1470 

4--oo 4 




5 ‘00 

‘4 

1980 

4- 'oo 1 




M 5-002 

”5 

| 2460 

4- -004 




5*06 

498 

*i 

500 

990 

— 001 

Clear 

In angle of a stock of slates, in 
tli© best position the works af- 

643. 

'2 

correct. 


5 ‘00 ! 

*3 

14 80 

-f*C02 


ford. 


, 4*97 

’4 

1980 

4-"ooi 




M 5*002 

*5 

2480 

correct. 




7’93 

*i 

1300 

1 

— *002 

N. Tree, f>0 o . 

I11 garden in front of house, rather 

644. 

7*95 

•2 

2540 

correct. 

8. „ 35°. 

sheltered* 


8-03 


3790 

4-’ooi 

N.W. House, 35°. 


; 

8 ‘08 

*4 

5060 

4- ‘001 




M 7-998 

*5 

6310 

4--oo3 


; 


4*99 

•1 

480 

4**003 

W. School, 22°. 

In garden in front of school, on a 

645. 

5*02 

•2 

970 

4* -004 

N.E. Tree, 33°. 

short post. 


5 ‘oo 

7 

1465 

4- -005 




5 ‘00 

4 

1970 

+•003 




M 5*002 

‘5 

2470 

4--C02 




8*oi 



1 

ClcaT* 

On lawn near Rectory.... 

$46. 

8 -oo 






8 ‘oo 







8 -oi 







M 8*005 


1 
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report- 1876. 


EXAMINATION OF 


i 

1S1 

u 

f- 

8 

0 5 $ 

COU.NXY. 

Station. 

!| 

Maker’s name. 

! *5 jf 

1 CU .3 

Height 
of gauge. 

£ .3 

*1 

0 HAW?. 

Observer. 

G «*« 

O 

\tt 

1 

1 Above 
igrounc 

Above 

sea* 

4 level. 

j 

47 

1875. 

. Dec. 21 

CAMBRIDGESHIRE. 

The Observatory, Cambridge. 
THE OBSERVATORY 

Mr. Todd . 

m. 

% 

Casella 

1 

. 8 a.m 

j 

i 

it. in 
1 0 

feet. 

«5 

• 1876. 

' 648. Mar. 16 

i | 

WESTMORELAND. 

Kirkbv Stephen. 

T. MASON, ESQ. 

T. Mas&n, Esq. 

| XII. 

j 

Casella 

. 9 a.m 

1 0 

1 

1 574 

1 

I 

1 649. Mar. 16 

j ; 

1 ; 

! 1 

WESTMORELAND. 

Applebv 

Dll. AKMS'l'ROXG, 

Dr. Armstrong 

! 

j III. 

1 Anon 

, 9 a.m. 

1 

j 

i 

1 

1 1 0 

j 442 , 

i 

! 

i 

1 650 

j 

j Mar. 17 

YOKKMIIRK. 

Mickleton. 

G. J. SYMONS , ESQ. 

Mr. Wade. 


Casella 

9 a.m. 

1 1 0 

j 

775 

j 651* 

Mar. 17. 

DURHAM. 

Gamford. 

A. ATKINSON, ESQ. 

A. Atkinson , Et sq. 

XII. 

Casella 

9 a.m 

1 

I 0 

250 

1 

652. 

Mar. 17. 

YORKSHIRE. 

V. 

1 Anon 

I 

I I 

j 

Bamingham Park. 

A. SUSSEX MILLBANK, ESQ. 


1 




653. 

Mar. 17. 

YORKSHIRE. 

Rokeby Rectory. 

REV. H CLARKE. 

Rev. H. Clarke . 


Casella 

9 a.m. 

| | 

| j 

■ °i 

1 

575 

654. 

Mar. 18. 

DURHAM. 

Wokingham. 

MR. A. MITCHELL. 

Mr. A. Mitchell. 

III. 

Anon 1 

! 

1 9 a.m. 

1 

1 

I 0 

464 

45 

Mar. 20. 

NORTHUMBERLAND. 

Allenbeads. 

W. 11 . BEAUMONT, ESQ . 

Mr. Kidd. 

X. 

Ncgrctti AZambra 

9 a.m. 


1350 


ON THE RAINFALL OF THE BRITISH ISLES. 


181 


RAIN-GAUGES (continued). 


Diameters 

(that 

marked 

M=mean). 

Equivalents of 
water. 

Error at 
scale-point 
specified in 
previous 
column. 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gauge. 

( 

Remarks on position &c. 

H 

5» 

Scale- 

point. 

Grains. 

in. 

in. 


in. 




4*98 

•1 

500 

— *001 

E. Tree, 30°. 

Gauge in garden of the Observa- 

647. 

C’02 

*2 

980 

+ •002 

S.E. „ 30°. 

tory ; fair position. 


5*01 

*3 

1480 

4-*ooi 

S.W. Trees, 25°. 



4*99 

*4 

1950 

4- *006 

VV. Apple Tree, 30° 



M 5*000 

•5 

2450 

4‘oo6 




5*02 

1 

480 

+ •003 

E. Wall, 30°. 

On edge of path in garden ; no 

648. 

5*00 

*2 

950 

4*oo8 

N. Tree, 62°. 

better position available. 


5*00 

‘3 

1460 

4*oc6 

S.W. „ 28°. 



5*00 

*4 

i960 

+ •005 




K 

6 

O 







8*08 

•1 

1250 

■f * *002 

Clear 

Gauge in garden E. of house. It 

649. 

T 9 2 

*2 

2550 

4- *001 


appears to have been made by 


8*oo 

*3 

378o 

4- *002 


Mr. Marshall of Kendal; the 


8 01 

*4 

5120 

— ■003 


receptacle being broken, a new 


M 8*002 

‘5 

6300 

4- *004 


gauge was supplied. 


7*95 

•1 

1250 

4- *oo 1 

Quite clear 

In small enclosed paddock near 

65O. 

8*02 

‘2 

2540 

— •001 


the middle of the village. 


7*98 

■3 

3770 

4- ‘002 




8*oo 

*4 

5050 

4- 001 




M 7 988 

*5 

6320 

4- *ooi 




498 

•1 

500 

— •001 

E. Building, 138° 

Mr. Atkinson has recently started 

65I. 

5*01 

*2 

1000 

— •002 


a new verified 5- in. Snowdon* 


5*00 

3 

1460 

1 4-005 


I pattern rain-gauge 3 feet N. of 


5*00 

•4 

1950 

4*006 


j the above. 


M 4*998 

'5 

! 24.70 

j 4- 001 


1 


5’°3 

•1 

1 480 

1 

; +*003 

Quite clear . 

1 On lawn, S.8.W. of house 

652. 

5 00 

i ** 

95° 

1 4* -008 


! 


498 

‘3 

1450 

j 4" oc8 




1 5' 00 

‘4 

1980 

i 4*001 




i M 5*002 

•5 

244° 

| 4- 008 

I 



8*oo 


1270 

j correct. 

! Clcw 

In Rectory garden, near corner of 

653. 

8 ‘oo 

•2 

| 2 540 

1 c*orre( t.. 

1 

| lawn. 


8*oo 

*3 

i 3780 

1 4*002 




8*00 

'4 

5080 

correct. 




1 M 8 000 

1 

*5 

6350 

, correct. 




4*98 

•1 

475 

4*004 

Nothing over 20° 

In garden N. of house; fairly 

654. 

1 5‘°3 

•2 

! 970 

! 4x05 


1 open. 


j 5 ‘00 

’3 

1 H7° 

4*004 




5*oi 

‘4 

1970 

, 4*003 




! M 5-005 

•5 

2490 

; — *00 I 




i 7'9* 

118 

1 53° 

— *001 

S.W. Chimneys of 

In small yard at rear of mining 

655. 

| 8-07 

•244 

3*40 

— •OO3 

home, 3f>°. 

offices. 


799 

’5 

6410 

— •005 

S. Wall, 20°. 



1 7'9* 







! M 8*005 
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REPORT— 1876. 


TABLES OF MONTHLY RAIN- 


ENGLANT). 




Division I. — Middlesex. 


Div. II.— S.E. Counties. 




MlOIH.ESEY. 



Surrey. 


Height of 
Rain-gauge 
above 

Ground 

Camden 

Upper 

Hampstead, 

Squire’s 

Mount. 

Muswell 

Dunsfold, 

Wey bridge 

Square. 

Clapton. 

lhU. 

Godaiming. 

Heath. 

0 ft. 6 in. 

1 ft. 1 in. 

1 ft. 0 in. 

0 ft. 0 in. 

2 ft. 6 in. 

0 ft 0 in. 

Sea-level 

Ill ft. 

VVS ft. 

388 ft. 

310 ft. 

\m ft. 

150 ft. 


187-1. 

187o. 

1874.' 1875. 

1874.; 1875 

1874 | 1875. 

1874 1 1875. 

. 

1874 

1875 


in. 

in. 

in ; in. 

in. j m. 

j in. j in. 

in. [ in. 

in 

in. 

January 

ri8 

3*12 

1*141 2*74 

1 34 3‘2i 

| 146 ! 3 3° 

1 ’60 | 3*77 

1*19 

3 76 
1*28' 

February . . 

• 9 i 

rc6 

•82 ' 84 

i*io j 1*03 
•62 , -77 

1 * 1 6 ! 109 

2*03 1 i*33 

1 52 

March 

*39 

*69 

•52! 57 

: *67 , *79 

•41 | *83 

2*15 1 *98 

•49 

*55 ! 

April 

i 26 

**53 

; i*2i 1*38 

i'3V i’5° i r 43 **4° 

1*69 

r6 5; 

May ! 

114 

1*61 

' 1*36 1 68 

I *08 1 I 62 

7i\ 233 

•93! *98 

in 

r 3 1 

June 

205 

2*40 

i 1 88 2 90 

2 11 2 27 

2*42 ; 2 89 

296! 2 54 

3*54 

4*74. 

July 

•82 

463 

1 2 47 ■ 4-7 

1*1 i 4‘67 

*M| 5 4° 

2 22 j 411 

i -33 

4 * 53 ; 

August .... 

1-32 

r7 9 

1*4. ** 3 ‘ r 77 ' * 9 8 

146; 1*51 

1 7 1 135 

1*42 

•4; 

September .. 

262 

286 

2*63 1 2*67 

3 02 2 36 3 23 , 2 87 

3 47 | i *45 

3*01 

1*64 

October . . ! 

3 34 

4*3 5 

321 3*94 

3 °4 3'94 

3 60 i 407 

4 3 8 479 

4’ 1 3 

4*39 

November ... 

2-21 

3*36 

1*97 321 

2*24 3 03 

2 1 1 3*61 

390 3*70 : 

2 62 

3 * 3 ». 

December .. 

r 5 8 

•94 

153 *82 

1*65 105 

2*09 1 14 

1 92 | *68 j 

'•6 S 

1*00 

Totals . .. 

l8*82 j 

28*44 j 

19*98 2635 

21*01 ; 26 43 

21 22 30 20 

27*68 26*51 ! 23*70 

27*°7 1 




Division II.- 

— Sorni-EvMKRN Cmunites (contnuwl). 




Kent [continued). 


1 



S( fHFY 


i 

I 

1 

Height of 
Rain-gauge 
above 

River Head, 

Acol, 

Sidcup, 

Brighton, 

Chichester, 

Bleak Rouse, 1 

Sevenonks. 

Margate. 

Foot’s Cray. 

Lew es 

Road 

Khopwyke 

Hastings, j 

Ground 

0 ft. G in. 

1 ft 

0 in. 

0 ft. 8 in. 

3 ft 

8 in. 

l ft 

2 in. 

1 ft 

1 in. 

Sea-level 

300 ft. 

GO ft 

25 1 it. 

1 

IK) ft. 

(11 ft. 

77 

ft ! 


1874 . 

1875 . 

1874 . 

1875 . 

1874 . 1875 

1871 . 

1875 . 

1871 

1875 

1871 . 

1875 . 


in. 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

in 

in. 

in. 

in. 

January 

1*96 

5**7 

*86 

2*57 

*97 

2*79 

2*52 

4*14 


4*29 

2*24 

4*°3 

February .. 

2*24 

**34 

79 

•81 

1 39 

•82 

1 '57 

2 00 

* 7 * 

r 74 

•85 

*93 

March 

•72 

*7 

•78 

*68 

43 

*48 

•71 

*89 

*54 

*95 

*75 

•84 

April 

May 

2*57 

1*24 

, ' 4 I 

i *33 

! * 5 ° 

i **7 

i *93 

1 28 

1*83 

84 

2*50 

124 

•60 

*35 

*94 

178 

•63 

r,6 

* 4 » 

1*40 

*34 

1*20 

*81 

•92 

June 

3 ' 9 * 

327 

**43 

r 49 

2*70 

2*71 

1 88 

3 * 5 ° 

2 26 

3 55 

1*24 

2(2 

July 

307 

483 

* 6 3 

409 

•80 

4 9 2 

2*02 

3*33 

2*66 

2*73 

■56 

2*22 

August 

2*21 

r 44 

117 

1*62 

2*10 

.*85 

2 24 

* 55 

2*26 

II 1 

1 61 

2*41 

September .. 

371 

1*84 

2*85 

i*8o 

2*74 

2 24 

3 95 

2 10 

2*90 

2*52 

3*42 

3*29 

October 

578 

481 

275 

2*59 

4*1 r 

4 *n 

4*12 

4*52 

4*78 

5*97 

4*°7 

4*47 

November ... 

v %7 

5*39 

r 4 1 

5*38 

246 

3 * 3 i 1 

2 63 

5*75 

2*80 

5*25 

2 *C 0 ! 

611 

December ... 

3*60 

1*81 

2*45 

1*33 

1*28 

•96 

2*91 


2 73 

*98 

2*62 

1*49 

Totals 

33*24 

33 3 *>' 

*7 47 

*S '47 

2 1 ‘1 1 

26*52 1 

27 19 

1 31*81 

2 7 * r 3 

3 i*i 3 

22*67 ( 

30*07 
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FALL IN THE BRITISH ISLES. 

ENGLAND. 


Division II. — South-Eastern Counties ( continued ). 


Surrey ( continued ). 


Kent. 


Guildford, 

Guildown. 

Kew 

Observatory 

Kenmngton 
Road. 1 

5 ft. 0 in. j 
19 ft j 

Canterbury, 
Bridge Street 

ITythe 

Linton, 

Maidstone. 

Falconhurst, 

Edenbridge. 

0 ft. 11 in. 
220 ft. 

1 ft. 9 in. 

19 ft. 

1 

r,2 

> in. 

ft. 

1875 

0 ft 0 in. 

12 ft. 

0 ft ft in. 
290 ft. 

1 ft. 0 in. 

400 ft. 

1874 . 

1875 

1874 . 

1875 . 

1874 . 

1875 

1874 . 

1871 

1875 

1874 

1875 

1874 . 

1875 . 

in. 

in. 

111. 

in. 

in. 

in. ! 

in. 

111 

in 

in 

m. 

m. 

in. 

in. 

1-23 

3*oi 

•98 

3*co 

•90 

2*84 , 

r 5 6 

3*68 

2*28 

442 

1*27 

3 *52 

1 ‘47 

3*80 

1-87 

i *59 

1 * j 6 

‘93 

•82 

•79, 

1 29 

* 8(5 

1*08 

» 3 i 

1 31 

*93 

2*30 

*‘* 3 j 

'47 

0 92 

‘44 

62 

•28 

•6° 

•98 

‘62 

1 3; 

82 

•83 

92 

77 

•88 

r8i 

1 23 

1*26 

1*70 

1*10 


2 20 

1 22 

3 * 5 1 

82 

i 91 

1 33 

2*46 

** 3 * 

*59 

1*13 

•60 

1 39 

1 07 

1 7 

1 06 

r °5 

93 

1 72 


1*38 

‘57 

1*20 

2-97 

2 60 

2-52 

2 63 

2*62 

2 18 

1 72 

215 

2*58 

2 16 

2 63 

2 30 

2 55 

2*93 

1 24 

4 76 

1*16 

4 77 

97 

4*21 

*? 

5*9° 1 2*34 

4 3 1 

•72 

5 60 

2 *44 

4*51 

174 

1*17 

1 '29 

6 s 

•98 

rc3 

1*96 

1*67 

3 77 

2 51 

2 07 

1 38 

2*41 

1*86 

2 69 

r 36 

2 93 

2 02 

1*58 

1 96 

2 63 

2 13 

5 5 

3 °4 

3 02 

2 20 

3 05 

i*86 

4 2 9 

463 

1 355 

38! 

342 

3*1 

3*26 

3*55 

350 

4 86 

3 59 

385 

5*21 

5-20 

2 '44 

4*10 

2 ' 3 I 

2 94 

2 23 

2 63 

2*38 

boz 

2 6l 

8 82 

,98 

4 39 

2*69 

4* 1 3 

**54 

1*56 142 

‘93 

1 3 X 

* 73 . 

2*36 

1*80 

3'2I 

3 2 4 

2 95 

2*30 

2*54 

**54 

22*88 

t 1 

28*06 1 19 62 

25*39 

1737 

23*48 j 22 29 

30 65 

32 28 

38*03 

23 49 

3025 

28*46 

30'35 


Division II.— South-Eastern Countifs (continued). 


Sussex (continual). j 

i 

HAMP81ITU1S. 

Dale Tark, 
Arundel. 

Eastbourne. 

Uekfield 

Observatory. 

Clnlgrovc, 

Chichester. 

Halcomb 

Place, 

Cuekfield. 

Petvrorth 

Rectory. 

i 

St Lawrence, 
Isle of Wight. 

3 ft. 

5 in. 

4 ft. 0 in. 

Oft 

0 in. 

Oft 

0 in. 

1 ft. 8 in. 

2ft. Orn, | 

1 ft. 0 in. 

310 ft. 

100 ft. 

119 ft. 

284 ft. 

IKK) ft. 

190 ft. 

75 ft. 

1874 . 

1875 . 

1874 

1875 

1874 


1874 . 

1875 

1874 . 

1875 . 

ia-4 

1875 

1874 . 

1875 . 

in. 

in. 

in. 

111 . 

111 . 

. 

m. 

m. 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

2*25 

3'8i 

2 58 

4*22 

2*22 

388 

2 $6 

475 

2*05 

3 57 

2*43 

4*50 

2*14 

5*06 

2*26 

1*90 

1*27 

1*28 

1*90 

1 *5 

2-33 

2*41 

1*98 

2*01 

3*08 

,- 9 8 

**35 

2*83 

•50 

1*40 

71 

'** 

•69 

7* 

•61 

1 50 

i 00 

85 


** 2 5 

•76 

77 

2 '34 

115 

2*72 

I* 4 « 

2*29 

•87 

2*80 

i *39 

2*38 

*94 

2*83 

1-27 

2 ’34 

*‘44 

•28 

1 '20 

*80 

•91 

*59 

rz8 

•40 

J’22 

•42 

1*08 

2 06 

2-32 

.62 

‘93 

2*66 

2*30 

1*21 

2 78 

2 10 

3 74 

3 r 9 

3 23 

2*22 

3 * 4 * 

3 °7 

3-18 

2*26 

2-04 

3*55 

3*65 

ro8 

2*91 

•58 

3*40 

i *33 

4*39 

2*27 

4*54 

i*66 

378 

•56 

3**5 

2*10 

I* 3 0 

**54 

2 22 

1*97 

i '45 

2’ S I 

r66 

2 38 

1 61 

2 70 

i *45 

**45 

*'S 7 

4*90 

3*6j 

3*73 

3*z3 

3*>5 

r8o 

2-74 

2*6 1 

3*6l 

1-84 

3*55 

2’o6 

3**3 

'•9Sj 

4*6 1 

5’3° 

466 

5'°5 

4 18 

474 

4'93 

5*69 

r 82 

5*44 

5 7* 

5*82 

4-63 

5*6; 

2*67 

4*91 

21 5 

6*oi 

2*66 

4*82 

2'82 

5-28 

3-48 

4*99 

3*5 6 

4-64 

3 *7 

5C3 

i*6o 

125 

2*23 

178 

2*32 

i-i8 

2-79 

r 35 

2 '*7 

1-03 

3*47 

1*69 

2*68 

*97 

2972 

3178 

24*68 

32*80 

24*65 j 29-02 | 29-01 

35*33 

1778 

3178 

34 * 7 2 

34**4 

, 2 5’59 

3**95 



184 


REPORT — 1876, 


ENGLAND. 


Division II. — South-Eastern Counties (continued). 


H VMi’siuu e ( conihi ued). 


Height of 
Rain-gauge 
above 

Ground . . . 
Sea-level 

j 

| Byde, 

Isle ot Wight. 

Osborne, 
Isle of Wight 

0 ft 8 in. 
172 ft. 

1874. 1875. 

Ot terbourne, 
Winchester. 

Cad 

SoiltllL 

4 ft. 
52 

tand, 

impfon 

Selbornc. 

4 ft 0 m 
400 ft. 

1874. 1875 

Lias, 

Petersfleld. 

< 7 ft. 0 in. 

, 20 ft. 

1 ft 3 in. 
115 ft. 

() in. 
ft 

7 ft 7 in. 
250 ft. 

1874. 

1875. 

1874 . 

1875. 

1874. 

1875. 

1874. 

1875. 


in 

in. 

in. 

m 

in. 

in. 

in 

in. 

m. 

in 

in 

in. 

January 

162 

4-28 

1*82 

430 

1*86 

4*5 8 

2'2 9 

5-08 

2 36 

5 10 

2‘8 9 

5*°4 

February . . 

i 83 

279 

2’ 1 8 

2 74 

,•98 

*75 

2*64 

277 

3 4 2 

2*20 

2 23 

1*20 

March . . 

‘22 

*93 

•46 

■69 

47 

' 9 1 

•58 

75 

77 

1 30 

75 

1 -09 

April 

2‘ 5 2 

1-28 

2*70 1 

ro 7 

2*47 

I ‘22 

3 °7 

1 46 

293 

1 74 

3-63 

•96 

May . ... 

•49 

'94 

•61 

1 21 

•36 

r 9 8 

•98 

1 213 

42 

*95 

*21 

1-46 

June . . . 

169 

231 

1 63 

r 9 7 

,-8 3 

4 3 1 

1 98 

3 21 

2 63 

3 60 

1'9 2 

4**5 

July 

1*91 

3-52 

75 

323 

99 

4 16 

170 

j 3 * 9 2 

1 03 

6 46 

8l 

5-10 

August . . 

2 89 

88 

2-46 

1 05 

2-62 

2 76 

2-99 | 

2*12 

3 07 

1 3 2 

2'6l 

1 01 

September 1 

3*07 

1 78 

2 96 

1 '43 

4-50 

**34 

375 

1-67 

2-76 

is? 

3 3 * 

258 

; October .. .. j 

4 61 I 

584 

467 

5 11 

4 5^1 

466 

5 43 1 

657 

6*28 

5 83 

5 - 4 » ! 

578 

November j 

4 26 J 

566 

3 32 

4 48 

3 -i° 

4 57 

3 79 ' 

467 

4 02 

4 73 

3 60 i 

4 61 I 

December .. | 

3 28 j 

I2 si 

2 92 ' 

1 20 

i *99 | 

* 59 ; 

34 i 

I 24 

3 ‘ 3 2 ; 

1 61 1 

3 1 2 I 

1-60 ! 

Totals.. .. ! 

2844? 

31-46! 

26 48 

28-48 

26-69 j 

33 63 | 3261 

35*79 

33 01 ! 

37 7 i 

30-56 

345*1 


Division III. — South Midland Couxrn.s ( continued ). 

i 


]ll r (KIN'GllAMSIIlRE NORTHAMPTON. BpDPOKD CaMBRIIKIF. 


Height of 
Ram-gcuge 
a bo vo 

Ground 

Sea-le»el 

HighWycomb. 

0 ft. 0 in. 
•>*>-. n 

Althorpe 

House 

3 ft 10 in. 
310 ft. 

1874 1875. 

Welling- 1 
borough 



0 ft. 2 m. , 

Cardington. 

Oft. Oin 

UK) ft 

1874 ; 1875. 

Wi-tboaeh. 

0 ft (> 111. 

10 ft 

IK7I ! WTft. 

1 

St ret ham, 
Fly. 

4 ft 9 in. 


1874 

1875 

1874. 1875 

1874. 

1875. 


in. 

in. 

m in 

in 

in. 

in 

in. 

in 

in. 

in* 

in. 

January 

rg? 

3-69 

1 78 r 2-71 

1 90 

308 

r6o 1 

2-30 

1-28 

2*05 

I’20 

** 5 * 

February . . 

*•59 

I’OO 

, 1 8 3 ro 5 

1 70 

1 44 

1 2 5 1 

1 00 

*93 

I '21 

•48 

77 

March 

*66 

77 

•78 . 80 

88 

*9 2 , 

-701 

*50 ; 

rn 

*44 

75 

•22 

Apnl 

>75 

1*07 1 1 13 1-87 

* *5 

2-14 

i* 2 5 

, *74 , 

**>4 

*85 

*9« 

1*05 

May 

«*43 

1-62 

*95 j *7<> 

1-51 

i6 3. 

, ’ 5 ° 

2’00 

**53 

i 6 1 

*63 

**44 

June 

1-28 

3*°7 

'53 ; 4'10 

7* 

2'28 ! 

1 10 1 

4 66 : 

1-63 

328 

* 4 * 

2*2 1 

July 

173 

5 * 4 * 

’831 8*oo 

•82 

5 9 * 

ri6| 

6-50 *' 

, ' 3 I 

7 *H 

•50 

5*59 

August . . 

, *57 

•82: 

216 ri 9 

1 94 

1 ‘59 

** 37 ! 

2-50 

2’°6j 

2*39 

**53 

2*26 

September . . 

3*48 

ns j 

3 73 , *8 5 

3-68 

279 

3 ' 20 ; 

2-36 

2-78 

2'22 

241 

2*39 

October 

3‘ 2 5 

4-81 

2-96 j 7-49 

2*99 

473 

** 7 ° ! 

4-00 

144 

2*71 

2 10 1 

2*92 

November .. 

2 '44 

35 1 ! 

2*56! 4*j6 

2*12 

4 * 4 ° 

2 10 ' 

375 

221 

4’io 

! 1 51 1 

4’ 2 3 

Decouber ... 

2 co 

*«7 : 

**33 J * 9 6 

2-07 J 

i* 47 , 

1 70 ! 

rzo t 

2*03 

1 69 

j 

1 '20 j 

*63 

Totals 

23-05 

28 39 

20-57 36-88 

11 *47 j 3 2 ' 3 * j' 

1863, 

3 2 *0 j 

* 9*45 

29*69 

1470 ' 

2$'22 
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ENGLAND. 


Division II. — South- 
Eastern Counties 


Division III. — South Midland Counties. 


( i continued ). 


Hampshire 

[continued }. » 

Berkshire. 

Long 

Wittenham. 

Hertfordshire. 

Oxfordshire. 

Aldershot. , 

Berkliamp- 

stead. 

Royston. 

Hitchin. 

Radcliffe 

Observatory. 

Banbury. 

Oft. 

fi in. 

1 ft. 

0 in. 

1 ft 

6 in. 

Oft. 

6 m 

1 ft. 0 in. | 

Oft. 

11 in. 

7 ft. 0 in. 

325 ft. 1 

170 ft. 

370 ft. 

209 ft. 

238 ft ! 

! 

208 ft. 

350 ft. 

1874. 

1875. ■ 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875 , 

i *'i" 1 

'■'■* 

1-7 » 

1 -7-» 

in. 

in. 

in. 

in 

in. 

in. 

in. 

in. 

in. 

in. i 

m. 

in. 

in. 

in. 

171 

4*5 3 

2 28 

4‘io 

2*16 

3*29 

1*40 

2*09 

152 

*•15 

2*30 

3*57 

2*15 

2*69 

2*12 

3‘°5 

1 74 

r6o 

2*19 

1*18 

1*22 

75 

>41 

1*05 j 

i*68 

i ‘45 

1 *95 

*96 

•46 

•64 

*61 

77 

•82 

*75 

*86 

‘47 


* 63 : 

*61 

1*09 

*5 

*80 

221 

1 64 

i *°5 

vii 

2-28 

>*47 

i *37 

1*42 

r 8 4 

1 58; 

1*28 

1*46 

1*43 

2 13 

77 

r 6 5 

1-49 

2 01 

183 

2 46 

1 01 

1*90 

•62 

2*00 ! 

1*56 

1 76 

1*76 

2*12 

2*21 

2*55 

‘67 

2 32 

1*22 

3 73 

1*26 

2*88 

1 35 

1 75 ' 

68 

2*96 

•50 

2 97 

170 

5*88 

1 09 

446 

*93 

5 *4 

73 

4'5 2 

205 

6*24 

*49 

4*70 

214 

5 39 

2 24 

i *54 

1 *61 

r 35 

1*69 

1*56 

i’*7 

>*57 

in 

1*32, 

1 82 

1 80 

2*09 

1*12 

272 

170 

3-42 

2*54 

4 02 

2 62 

2*80 

2 66 

3 01 

2*07 1 

3 34 

2*03 

3*21 

2*38 

4'34 

6 *o 6 

3 * 1 1 

7 39 

3 16 

6*54 

2 19 

3 66 

r 59 

3 ‘94 

3* I 3 

7*53 

3*>3 

7*80 

2-04 

4-29 j 

2 17 

3*79 

2 37 

4 02 

2 OI 

3* 6 5 

1 *96 

4 16 

2 *53 

376 

2*52 

484 

236 

• 179 

2*34 

•96 

2 ’57 

ru 

1*97 

79 

2 07 

1*04 

1*82 

•87 

r8i 

1*12 

24-48 j 

3S'3 2 j 

21*58 

32*50 

25*24 

3387 

1779 

26*36 

20*25 

*8 93 | 

21*24 

32*98 

23*54 

34* 3 2 


Division IV. — Eastern Counties. 


j 


j! 


lie Hem nulls, 
Epping. 

0 It. 8 m. 
345 ft. 

Dor* 
Hall, \ 

1ft 

2< 

aril’s 

V it ham. 

(> in. 

) It. 

1875 . 

D unmow. 

Oft Oin. 
250 ft. 

Bocking, 

Braintree. 

1 ft. Cm 

Ashdon Grundisburgh 

Rectory. , 0 

j 

Culford, 
Bury St. j 
Edmund’s. 

1 ft 0 m. : 
300 ft. ; 

3 ft. 9 in. 

1ft. 6 in. | 






1874 . 

1875 . 

1874 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . ' 

1875 . 

1874 . 

1875 . 

in. 

in. 

111. 

in 

in. 

m. 

in. 

in. 

m 

in. | 

111. 

in. 

in. 

in. j 

*47 

3*26 

1*12 

2 19 

r, 5 

2*48 

120 

2*28 

1*46 

3*00 1 

*99 

1 91 

1*24 

2 *34 

ri 4 

•92 

75 

*75 

86 

72 

1 04 

98 

92 

•85 

1*02 : 

96 

*75 

1*21 j 

•72 

•61 

*88 

! * 4 6 

*74 

* 4 2 

1*29 

* 5 * 

•60 

•40 

•69 

*53 

1*07 

•42 

1*52 

1*48 

1 28 

1 1*40 

1*12 

1 * 1 S 

1 ‘44 

1*32 

1*08 

•84 

1 36 

1*13 

•69 

i-o 5 

•66 

2*41 

•81 

1 r 5 « 

•90 

i *53 

82 

1 93 

i*66 

1*99 

1 5 1 

2*36, 

49 

2* ! 5 

2*86 

3*02 

' i *93 

J 179 

243 

'1 2 5 

2 16 

3 16 

1*40 

2 33 

»* 3 * 

2 68 

1*64 


2 ‘95 

5*86 

i i *37 

448 

2 01 

3 9 ° 

1 14 

4 99 

1 58 

5 '° 9 r 

1*28 * 

4*33 

76 

5' 2 9 j 

1*07 

ro8 

•96 

•56 

1 * S 7 

•85 

» S 3 

■81 

1*20 

*82 j 

i * , 4 

o*6i 

1*18 

*38 ; 

3*oo 

3*33 

1*82 

2*64 

2 04 

2*52 

2*61 

2*94 , 

2 * 4 } 

3 's* c 

2*95 1 

2*21 

3*14 

2*67 j| 

3 97 

• 3’ 6 3 

2*87 

2*44 

rn 

3*10 

2 *43 

3*40 i 

2*69 

3’54 

i 69 l 

4*48 

2*08 ! 

3* 2 4 

1 ‘91 

4‘ c 9 

1 90 

3 ‘ 5 6 

2 ’ 2 5 | 

3*59 

: 2*19 

4 *° 4 j 

2 OO 

4*26 !; 

2 * 34 ; 

4*88 

2*62 

5*26 i 

2 ’33 

1*37 

2 *33 

*47 

1*31 

•89 

i 2*03 

1*27 1 

1*77 

•89; 

1 79 

J *43 

2*17 j 

1*84 , 

22*60 

3 1 *06 l 

18*02 

1 23*25 

! 19*62 

25*43 

19*881 2763' 18*83 

, 2.7*57 

18*07 j 27*51 

17*83 | 29*18 ; 
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ENGLAND. 


Division IV. — Eastern Counties (continual). 

Division V. — 
South-Western 
Counties. 

Norfolk. 

Wil 

Sails 

Wilts. 


| Height of 
Rain-gauge 
[ above 
Ground .. .. 
Sea-level.. .. 

Gcldeston, 

Beccles. 

Cossey, 

Norwich. 

1 ft. 0 in. 

S waff ham. 

Kolkham. 

- h 

g 1 

Marlborough, 

MildenluD. 

1 ft. 0 in. 

40 ft. 

1 ft. 0 in. 
1(50 ft. 

0 ft. 0 in. 

30 ft. 

0 ft. 5 in. 
180 ft. 

1 ft. 0 in. 
407 ft. 

1874 . j 1875 . 

1874 

1875 

1874 

187 .) 

1874 | 187 .'). 

1874 . 

1875 . 

1874 . 

1875 . 


in. j in. 

in 

in 

in 

in 

111. I 111 

in. 

in. 

in. 

in. 

January 

•89 j 170 

1 07 

213 

1 ' 4 1 

248 

1 *2 5 ! *70 

2 80 

47 * 

3**3 

4*55 

February . 

*97 1 -97 

1 c8 

1 29 

•91 

1 33 

1 35 j 1 68 

3-00 

2-56 

2-49 

214 

March .... 

*93 j * 5 2 

•85 

•56 

1-21 

57 

r° 5 | *77 

-6o 

1 54 

1-09 

ns 

[ April 

1-031 75 

1-04 

•69 

1*12 

•88 

1-25; -8* 

2*10 

i *54 

1 62 

**57 

| May 

1 2 3 | r 35 

1 '94 

1-49 

•8l 

1 79 

1*08 , -95 

•80 

1-69 

*59 

2 *44 

j June .. .. 

i' 9 l| 1*75 

206 

* 57 

1 96 

1 54 

1 30 | 2 02 

1*20 

2-98 

•89 

2*70 

;J»iy 

1 - 5*1 4 -n 

ru 

U08 

1 o* r 

5 96 

1 60 ! 831 

•90 

4-06 

rz 7 

5*33 

j August .. . 

! 1*73 ! 0 751 

1 ‘35 

69 

2'o6 

1-62 

165; -99 

2 50 

2 29 

246 

2-j8 

j September .. 

3*68 | a 00 j 

3**9 

2 42 

2 8l 

2 41 

2-02 | l-8o 

4 * 3 ° 

2-0! 

3 9 2 

3-50 

; October . .. 

1*30 3*69! 

1-65 

3 5 6 

r66 

3 00 

2 25j 2- 3 0 

5 '0 

6 03 

4*37 

7 22 

November . . 

2-35! 5-29! 

3 16 

5-81 

2 80 

5-25 

2 70| 5-63 

3-00 

4 7 1 

2 89 

4-08 

j December . 

2*46 1 1 -78 j 

2-45 

239; 

287 

1 89 

3-1°; 2-75 

3-40 

1 21 

2 38 

116 

| Totals .. .. 

ii-oo j 14*68 

20-95 

2778 j 

20 69 • 28 72 

I 9 , 6 ° j 29-75 

29-70, 

35 33 : 

27*10 

38-22 


Division V. — South-Western Counties (continued). 


De\ on shirk (continued) 


Height of 
Rain-gauge 
above 

Landscore, 

Teignmouth. 

Clevelands, 
Lvme Regis. 

Cove, 

Tiverton. 

Castle Hill, 

S Mol ton. 

Clanton, 

' Holsworthy. 

! Barnstaple. 

Ground .. 

0 ft. 6 in. 

1 ft 

1 in 

Oft 

4 in 

5 ft. 1 in. 

1 ft 

1 111 

1 1 ft. 0 in. 

Sea-level.... 

200 ft. 

m ft. 

450 ft. ? 

500 ft. 

400 ft ? 

i ai ft. 


1874 . 

187 .') 

1874 

1875 

1874 . 

1875 . 

1874 . 

1875 

1874 

1875 

! 1874 . j 1875 . 


in. 

in. 

in. 

m. 

in. 

in. 

in 

in. 

in 

in. 

in. 

in. 

January 

3*37 

5-63 

281 

6-i! 

4*53 

6-32 

5 38 , 8*20 

3*89 8-04 : 4*06 

5*79 

February ... 

3*35 

2*12 

303 

1-85 

4 or 

213 

2'32 

2*04 

3*>5 

1*76, 2’8l 

179 

March 

187 

1-58 

•63 

•98 

1-32 

*'75 

2’ 12 

i-68 

>95 

1-65 

2*07 

1 * 2 3 

Anrii .. . 

2-52 

161 

2*34 

* 51 

**55 

2 '47 

I ”98 

2-13 

2 *47 

1*95 

I 89 

2- 1 6 

May 

ri9 

2-86 

104 

2 82 

ro8 

j*.,6 

■36 

3*74 

‘99 

2 05 

*70 ; 2*61 

June ! 

* 73 

3 * 6 i 

3*°3 

2-86 

i 20 

3 99 

•92 

3*61 

>*97 

3*57 

1-48 

401 

July 

1 * 1 8 

4*38 

1 ’27 

4*6 1 

2-40 

3 * 9 * 

4*00 

2'78 

3*°4 

2-76 

277 

3*35 

August . . . 

202 

251 

12 9 

3-21 

4-59 

3*53 

5-87 

2 55 

488 

2*56 

56 s 

3 * 3 ° 

September . 

5 7 ° 

4*43 

6*8o 

2-89 

7-56 

363 

8-12 

5*37 

8*19 

5 79 

5*93 

5*53 

October .. . 

8-49 

9*11 

5-66 

8-25 

5 * 3 ° 

9*64 

6-49 

7-85 

3 * 3 1 

6*68 

4*44 

6 40 

November . 

441 

I 5 99 

3*46 

6-45 

3-51 

6-71 

3*06 

821 

2 94 

7-48 

3-06 

7*>5 

December ... 

5*77 

i *09 

4*39 

•98 

6-90 

; 1*50 

10*08 

2*25 

5*74 

219 

7-10 

2*02 

Totals 

41-60 

44*82 

3645 

42-54 

43*95 

48*64 

„ 

50*70 

50-41 

r* 

-<r 

46*48 

4196 

45‘34 
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ENGLAND. 


Division V.— South-Western Counties (continued). 


Wilts 
(i continued ). 

Dorset. 

Devonshire. 

L u 

Chippenham, 

Tytnerton. 

Longthorns. 

Weymouth, 

Osrnington 

Lodge. 

Shaftesbury. 

; 

Salt ram. 

Fore Street 
Hill, 

Kingsbridge. 

Holne Vic. 
Dartmoor. 

1 ft. 

2 in. 

oft. 

4 in. 

1 ft. 0 in. 

1 ft 

3 m. 

Oft. 

3 m. 

1 ft. 0 in. 

1 ft. 0 in. 

157 ft. 

340 ft. 

225 ft. 

722 ft. | 

90 it. 

63 ft. 

650 ft. 

1874. 

1870. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

in. 1 

in. 

in. 

in. 

in. 

in. 

in. 

r8i 

4*16 

3*33 

5*67 

2*94 

5*56 

294 

4*44 1 

7*89 

10-37 

5 08 

7*64 

9-81 

14*19 

i 88 

2 C2 

3 * 4 * 

2*67 

2-42 

2-99 

2 39 


3 * 9 8 

** 5 o 

4*15 

*79 

7*4* 

2*70 

■92 

78 

•46 

I ‘22 

■66 

1*17 

•63 

•86 

1 36 

143 

1-24 

1 17 

1 7 1 

2*70 

i‘ 3 ° 

175 1 

2*09 

r 55 

2*26 

1 23 

2*95 

1-87 

2 56 

3*80 

2*27 

1*81 

4*99 

2-87 

•34 

2*49 

*45 

1 72 

• 6 i 

2*23 

88 

**5* 

•89 

90 

1*29 

2*45 

1*38 

4*77 

1*09 

*•58, 

i *57 

2*75 

1*50 

1-89 

2*22 

2 7 s! 

2*35 

3* 6 5 

1-89 

3-85 

9-10 

5*64 

73 

S'!?! 

i*4i 

5*9 

'f 

3* s 9 

i’7i 

5*9 1 

i*75 

5*39 

*‘55 

5 *co 

1 79 

624 

a ’69 

1 32 

2-78 

1 68 

2 80 

2*79 

3**9 

1-04 

2*25 

3*44 

2 65 

2-14 

619 

4*21 

4 - 93 

3 34 ! 

3*93 

LJ'° 3 

3*74 

2‘36 

6-15 

2 * 53 ; 

9**5 

679 

442 

7-80 

8 - 8 5 

7*3 * 

3*55 

r3^ 

5-84 

8 3 z 

581 

8-15 

5* 6 9 

6*90 

7 3 6 

8-35 

687 

6 80 

1083 

12 04 

214 

3 ' 9 » ; 

3 ‘ 53 ! 

5*40 

3 38 

5* 6 7 

2*56 1 

5 -I 0 ; 

I 4 * 7 o! 

6 02 

4*29 

6-89 

*53 

io *55 

2-27 

087! 

3 * 94 ! 

1-30 

4 ’ 16 

r 35 

2 61 

I' 4 T 

! 5*54 

2*10 

1 ____ 

7*46 

2*22 

10*33 

3*37 

24-65 

36 02 1 

3 * 74 t 

38 60 

31-26 | 39 28 

33-92 

3 8 -o 9 | 

49'78 53*74 

43**6 

49*56 

7292 

76*59 


Division V.— South-Western Counties ( continued ). 


CoRNWVLL. 


Crow an, 
Camboruo 

Penzance. 

Teliiily Park, 
Redruth 

Truro, Royal 
Institution. 

Trevnrna, 

St. Austell. 

Bodmm, 
Castle Street. 

Altarnum. 

0 ft 6 in. 
519 ft 

3 ft 0 in. 

04 ft. 

0 ft G in. 
100 ft. 

40 ft 0 m. 
50 ft 

Oft Gin. 
300 ft. 

2 ft 4 in. 
338 ft. 

1 ft. 0 in. 

570 ft. 

1874 . 

1875 . 

1874 . 

1875 . 

1874 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 

1875 . 

in. 

in 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

5-62 

8-64 

5*5 

9*54 

4*53 

6-90 

4'8o 

798 

5*34 

9*55 

570 

9 93 

7*52 

12*75 

3*86 

2*57 

3 * 7 ° 

3*24 

4*°5 

2 15 

4*35 

2 45 

421 

**74 

522 

* 59 

5*°4 

2*44 

i* 3 i 

1*30 

1-58 

1 '20 

425 

**35 

**17 

1 39 

1 82 

**59 

2 03 

1 78 

2 78 

1*56 

2*34 

2*39 

2-68 

2*54 

r8o 

2*00 

i- 9 6 

1 94 

i 76 

249 

2*34 

2*04 

363 

3*°5 

•80 

3 *n 

•68 

2-88 

1*08 

2‘30 

**34 

2*35 

•52 

3 20 

*94 

2*92 

*96 

3*67 

r8o 

35 * 

2-24 

3*33 

2’00 

3 10 

1 84 

256 

1*92 

4 08 

2*05 

3*33 

2*26 

4*33 

*53 

3*70 

1-38 

3-40 

1 5 ° 

2*80 

r6o 

270 

1*30 

3*57 

*99 

3*20 

2*24 

5 * 5 ° 

4-08 

2> 

3*07 

1 *99 

3-90 

3*45 

3 * 7 * 

2*78 

4 * 3 * 

2-30 

456 

266 

6 55 

2*98 

7*5 

4*55 

5*25 

4*95 

6-30 

4*50 

5 * 9 ° 

5*53 

7*54 

7-48 

6*55 

7*40 

7*76 

7*02 

6* 1 1 

7*47 

5 * 6 * 

8-77 

5**5 

6-io 

4*59 

7**7 

4-78 

9*85 

5*33 

8*49 

8 09 

7*32 

4*59 

5*°9 

5*21 

6*6 1 

4*20 

, 6 *79 

4*43 

5-80 

5 * 4 * 1 

8*27 

4*73 

6*83 

5 28 

9*76 

8* 1 4 

3*38 

9*92 

3*12 

i 7 * 7 ° 

3*60 

8*04 

2*21 

9’43 

2*64 

6*72 

2*73 

8*99 

3*57 

47*33 

48*28 

46’47 

5 i *57 

46*46 

'■ ; 

45'°4 

43 73 

44-86 

49'34 

56*76 

48*16 

52*90 

6no 

63*95 
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ENGLAND. 


Division V. — South-Western Counties ( continued ). 


Division VI. — West 
Midland Counties. 


Gloucester. 


Height of 
Rain-gauge 

Rutland's 

School, 

Taunton. 

Ilchester. 

Sherborne 

Reservoir, 

E Harptree. 

Butheaston 

Reservoir. 

Clifton. 

The Firs, 
Cirencester. 

Ground 

Sea-level.... 

1 ft. 4 in. 

2 ft. 6 in. 

30 ft 

1 ft 0 in 
,‘138 ft 

2 ft 0 in 

226 ft. 

0 ft. 6 in. 
192 ft. 

0 ft. 8 in. 
352 ft. 


1874 1875 . 

1874 . 

1875 . J 

1874 . 1875 

1874 . 

1875 

1874 

1875 . 

1874 

1875 . 


in. in. 

m. 

m. 

in. m. 

111. 

in. 

in. 

in. 

in. 

in. 

January 

a io 3 02 

2 52 

4-87 

605 846 

3*10 

4 85 

3*93 

5‘*4 

3*28 

5*30 

February ... 

2 *i 4 2*45 

2 79 

2*06 

4 59 3 *9 

2^30 

2 00 

2 '40 

2*25 

*39 

2 56 

March 

‘ 5 6 '49 

roi 

•68 

2 54 1 96 

*‘*5 

no 

214 

1*46 

1 08 

1 07 

April 

209 1 69 

1 79 

78 

3 06 271 

r6o 

r8o 

1-99 

2*09 

1 59 

1*98 

May 

1 02 2 80 

85 

2 07 

in 416 

•45 

*‘35 

•66 

2*87 

1*01 

*‘39 

June 

ro6 247 

1*08 

2 46 

1 74 5 9 * 

1 60 

3*3 5 

1 06 

3 ‘ 5 * 

184 

3 ‘ 4 * 

July 

*90 4 54 

1 12 

488 

1 09 6 84 

95 

6 25 

1 56 

5 99 

1 09 

5 ‘ 5 6 

August .. . 

1 66 2 09 

284 

2 17 

5 30 1 94 

3 50 

1 30 

464 

1 79 

3 18 

1*2 I 

September . 

4-65 2 65 , 

4-26 

1-92 

7 94 4 88 1 

6*15 

425 

707 

4 60 

5 45 

280 

October . 

477 6 59 | 

412 

4 ‘ 5 6 

6*22 8 37 

4 ’i 5 

6‘35 

382 

698 

381 

7 82 

November . 

221 449 

252 

287 

417 685 

2 55 

4’45 

2-36 

608 

281 

504 

December 1 

i 

2 60 48 

3^9 

16 

L 

622 2 06 j 

2 40 

80 

362 

128 

2 78 

I 64 

Totals 1 

2576 3376 

28 19 j 

29 48 

5 ° °3 57 34 

30*00 

38-85 

35'*5 

44 05 

3031 

4°79 


Division VI.— West Midland Counties (continued). 


Division VII. — North 
Midlvnd Counties, 


W okcevtek (continued). 


1 Height of 1 Worcester. 

| Rain-gauge 

j above I 

Ground 0 ft 8 in 

Sea-level 1 1*2 ft 


Arden House, ! 
Henley in- j 
Arden. 


Birmingham I 


0 ft 8 in 
340 ft. 


1 

1 1874 . 

1 

1*75 

1871 

1875 

1874 

1875 

1871 

, 

m. 

in. 

in. 

in. 

in 

in. 

111 

January. .. 

. 2*29 

3 37 

* 5 1 

3*16 

2 64 

3’ r 7 

1*96 

, February .. 

. 2 80 

1 56 

3-06 

2 14 

2 26 

1 17 

2 69 

March 

1 79 

64 

1 04 

•98 

1 l +\ 

‘ 5 * 

1 19 

Apnl 

1 86 

•99 

* 59 

**4 

> 45 

1 12 

1 98 

^ay 

. 2 27 

2 51 

2x5 

2*56 

*"* 5 . 

*‘ 5 * 

3 * 4 ' 

June 

( 75 

*’39 

■•<5 

*' 3 * 

•81 ; 

2'6i 

•87; 

’ July . .. 

in | 

6 69 

1 *8o | 

6*17 

r 53 ; 

6-83 

1 '* 5 

August 

■! 1 * 9 * 1 

1*96 | 

I *'64 1 

408 

i-8 5 

*'54 

2*18 , 

> September . . 

: 3 57 

*‘ 97 ' 

' 3*67 

3*26 

373 , 

3*48 j 

3 57 : 

October .. 

| 2 62 

6*68 | 

2*11 

5*94 | 

i' 97 ! 

7 ** 6 1 

3*58 ; 

November .. 

1 2 69 

4 81 

3*9 

4‘°4 ‘ 

* 83 i 

47 1 

277 1 

; Docember .. 

! 2 07 

1*30 

*83 

LllLi 

2*32 ! 

1 * 5 * 

2’6o 1 

Totals.. .. 

*473 

3587! 

! 26 74 ! 

37 4 2 j 

2478 

36'44 

' *7 88 | 


Fleckney 

Market, 

Harboro’. 


Thornton 
Kesen <Jir. 


Oft 

8 in 

2 ft. 

8 in. 

411 ft 

420 ft. 

1874 

1875 ! 

! 1S V 4 . 

1875 .! 

m 

in 

in. 

in 1 

2*28 

3’°3 ! 

1 1 6 1 

1 3 * 9 ! 

' 5 * 

1 64 

* 65 ! 

9 *| 

70 

1 09 1 

79 ! 

1 

i 03 1 

1 01 

1 14 

' 9 * 

* *7 , 

* *4 

! * 38 

; * 33, 

*'* 3 ! 

6 1 1 

•71 

V$ 5 l 

•88 1 

6 09 

821 

6 64 1 

2 67 

*57 

2 5 t 

1 84; 

2 92 

! 24O 

j *73 

*‘ 9 * i 

18S ! 

5 5 * 

r *4 

6*i 8 i 

2 48 

3 98 

2 69 

395 

1 81 

1 02 

j 2 01 

_i!*| 

19*66 | 36*59 

20 28 

35-21 1 
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ENGLAND. 


Division VI.— West Midland Counties {continued). 


Gloucester 

( continued ). 

Hereford. 

Shropshire. 

j |i 

Stafford. ! 

'1 


Worcester. 


Saul Lodge, 
Frampton- 
on-Severn 

Stretton 

Rectory, 

Hereford. 

Haughton 

Ilall, 

Shifnall. 

Hengoed, 
Oswest ry. 

ii 

Barlaston, 1 
Stoke ;j 

North wick 
Park. 

West Malvern 

3 ft. 6 in. 

42 ft. 

1 ft 0 in. 

198 ft 

3 ft G in. 
853 ft. 

G ft 0 in. 
470 ft. 

0 ft G in. jl 
500 ft Jl 

1 ft. G in. 

1 ft. 6 in 

850 ft. 

LS 74 

1875 . 

1874 . 

. . 

1875 ! 

1874 . 

1875 . 

1874 

1875 . 

1874 

1875 . j 1874 . 

1875 . 

1874 . 

1875 . 

in. 

in 

in 

1 

111. i 

in. 

in. 

m. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

3 *8 

4-68 

280 

3 76 

I 8l 

2-46 

2 88 

4-66 

2*92 

3-69' 

3*12 

370 

272 

373 

2 19 

i*« 3 1 | 2 ’53 

2-23 

2 41 

1 56 

295 

1 96 

2 81 

111 

2-24 

i*6i 

2 98 

r 43 

r 02 

1*29, 78 

1 18 

88 

82 

I 69 

i *37 

1 59 

81 

6b 

*79 

•68 

ro6 

1-82 

2 80 

1-54 

•86 

117 

•66 

2 01 

1 29 

1-49 

' 5 1 

r8i 

2*30 

2*18 

•98 

*54 

*‘93 

1 - 4 i 

* 53 

1 98 

1 15 

2 55 

3*05 

144 

1*82 

2 ‘73 

2 53 

J *52 

3 2 4 

75 

3 H 

1 02 

252 

77 

263 

75 

3 75 

•81 

3*18 ! 

*35 

2-05 

I'll 

274 

*97 

443 

•85 

4’8o 

1 17 

5 59 

r88 

4-68 

i *69 

675 

2*10 

632 

1-82 

7*49 

219 

•96 

249 

1 88 

2 62 

3 5 6 

3 2 9 

3 33 

3-66 

2 69 

2-47 

l 'V 

2*26 

2*03 

478 

3 ° 4 i 

409 

43 < 

2 88 

4 14 

3 2 3 

4 60 

3-36 

3*79: 

3*76 

270 

3*75 

3-68 

2*46 

5 22 1 

293 

6-03 

1 65 

5 3 2 

2861 

583 

2-83 

465 ; 

3 9 6 

871 

3*06 

8-i8 

2'0I 

5 ' 3 T 

2 69 

4 99 

3 73 

3 5 6 

4 82 

385 

4 43 

3 ' 5 6i 

3 *3 

5 ‘ 22 

270 

4-96 

2 -J2 

1 68 

2 67 

1 82 

2 43 

1 03 

3 62 

1-62 

3' 2 7 

I 29 

2 95 

•81 j 

2*00 

•91 j 

> 4' 3 3 

3671 j 

25 80 

36*9! 

2 3 ’ 5 ° | 

3248 

3 2 53 { 

39*99 

30-30 

33 ’ 8 s 

29 22 

38-05 ; 

2678 

40*43 j 


Division VII. — North Midland Counties {continued). 


Lf.icf.stkr 

[continued) 

Lincoln 

ielvoii 

1ft, 

23 * 

Castle 

Lincoln. 

Market Rasen 

Gainsborough. 

Brigg 

Grimsby. 

New Holland. 

0 in. 
Jit. 

! 3 ft Gin. 
j 2 G ft. 

3 It G iu 

111 ft. 

7 G ft. 

3 ft G in 

1 G ft. 

15 ft. 0 m. 
42 ft. 

3 ft. 6 in. 

18 ft. 

1874 . 

1875 . 

1 1874 

1875 

1874 . 

1875 

1874 . 

1875 . 

1874 

1875 . j 1874 . 

1875 

1874 . 

1875 . 

in. 

in. 

in. 

j 111. 

in. 

in. 

in. 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

r 5 8 

196 

124, 3-081 78 

127 

•78 

r 59 

ro6 

1-32 -86 

1 61 

ro8 

163 

r 59 

i *44 

i *53 1*19 

i *35 

*» 

1*41 

1*12 

1*09 

*37 ; ri6 ! '83 

116 

1*05 

ro 5 

*57 

*74 

*57 

*71 

i *57 

*30 

•68 

*75 

*71 

^5 

■43 

72 

•63 

i **3 

*97 

1*36 

‘54 

•44 

72 

r 4 8 

72 

1*74 

* 5 2 

‘79 

*34 

* 9 + 

•29 

• 97 

roi 

r68 

*85 

■82 

,o 9 

1-46 

•91 

119 

*93 

1*04 

78 

*94 

i *75 

*45 

2*44 

1 17 

2*64 

1*05 

278 

71 

176 

•66 

275 : *46 

262 

*49 

2 '02 

•90 

5 ' 4 2 

•46 

3 66 

2'29 

4 9 1 

1-46 

407 

I *00 

4*02 

1*13 

4*02 

r.i 

3*65 

i *94 

172 

1 64 

2’00 

2 ’43 

i* 3 o 

2 19 

2 *49 

172 

r8o 

r8o 

1*79 

r 9 4 

3*91 

»'i 4 

224 

i*6 5 

*‘63 

2 '42 

•65 

' 97 

2’ 12 

i ‘57 

2*58 

169 

177 

i *55 

2*00 

r6o 

4*95 

**34 

3*^9 

2-41 

5*99 

217 

4*34 

1*35 

3*14 

i *37 

3*65 

r6o 

4'03 

2'06 

4'20 

2 ’43 

4 * 4 1 

161 

3-60 

170 

3 * 5 i 

2*01 

4*86 

3*°5 

5 *oi 

2-8i 

5 * 4 * 

169 

no 

r 34 # 

1*28 

115 

•J 3 

ro8 

•82 

i *47 | 

76 

*•'* 

78 

1*841 

113 

i7'io 

l8'22 

16*58 

a 5’74 

1776 

147 ! 

1671 

2 4’33 

1 5'6i j 

13-96 

16-38 

24*23 

16-28! 

2770 
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ENGLAND. 


Division VII. — North Midland Commas ( continued ). 


Nottingh \m. 

Derbv. 

Cheshire. 

Height of 
Rain-gauge 
above 

Ground . .. . 
Sea-level 

Welbcek. 

Spondon, 

Derby. 

Chesterfield. 

Comb’s Moss. 

Chanel-en-le- 

Fnth. 

Cholmondelly 

Castle, 

Nantwich. 

4 ft 6 in. 

88 ft. 

1 0 ft. 7 in. 

| 262 ft. 

3 ft. 6 in. 
248 ft. 

3 ft. 6 in. 
1660 ft 

3 ft. 6 in. 
965 ft. 

1 ft. 6 in. 

42 ft. 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 

1874 

1875 . 

1874 

1875 . 

1874 . 

1875 . 


in. 

in. 

| in. 

in. 

\ 

in. 

in. 

in. 

in. 

in. 

111 . 

in. 

in. 

January 

i*4« 

2 62 

.•98 

3*25 

289 

3*64 

5 6 * 

3 * 9 * 

424 

4*90 

244 

2*60 

February ... 

*74 

1*23 

! 1*62 

**47 

*75 

•87 

3*24 

*97 

2*28 

1-25 

2 05 

165 

March 

*97 

’ '75 

i*3* 

72 

1*33 

r o 5 

3 49 

•58 

3*5 2 

•67 

*94 

•So 

April 

2'12 

•92 

1*22 

*79 

232 

•85 

209 

1*13 

2*67 

**37 

r6i 

•52 

May 

*49 

*59 

ro8 

2*01 

77 

*’ 3 * 

1*70 

2*32 

**57 

2* 1 8 

1*89 

205 

June 

78 

3*34 

*5* 

2*87 

•46 

2 96 

1 *3 

3*42 

•63 

3**4 

•40 

2 '93 

July 

1-84 

3-86 

i*4 

6*29 

1 20 

4*54 

i*86 

6*oi 

2*66 

3 * 9 ° 

1 87 

5*34 

August 

2*05 

3*8* 

2*23 

3 3 * 

2*55 

4*72 

4*65 

3 96 

6 13 

2-83 

3’20 

3*05 

September . 

2*02 

2*82 

**«7 

3*97 

2-15 

3*n 

3*44 

5*3* 

3 21 

469 

3 02 

4 75 

October 

3*°3 

5*0* 

' 179 

5*10 

3*^5 

5 77 

4*04 

765 

4*92 

6*02 

2*91 

5**8 

November ... 

2*82 

4 * 3 * 

267 

3*78 

4*5 

4*37 

423 

4 77 

S-I* 

4*74 

396 

3* 6 3 

December ... 

1-87 

121 1 

j 2*01 

1*21 

**85 

1 60 

142 

* 5* 

*43 

1 96 

3'°7 

1 06 

Totals 

22*21 

31-48 

to-tj j 

34*77 

24 67 

34*79 

3690 

4**55 

3944 

37*65 

27*36 

33 56 


IDiv. TUL- 
IN.- Western 
Counties. 


Division VIII.— North-Western Counties ( continued ). 


L\.vcAsmub (continued). 


Height of 
Rain-gauge 
above 

Ground 

Sea-level 

Stonyhurst. 

Caton, 

Lancaster. 

Holker, 

Cartmel. 

Coniston. 

Broo 

Pa 
SI ief] 

2 ft 
530 

11I1a.ll 

rk, 

Held. 

0 m. 
ft. 

1875 . 

Rodmires, 

Sheffield. 

5 ft 0 in. 
1100 ft. 

1 ft. 3 in. 
376 ft. 

1 ft. 0 in. 
117 ft. 

4 ft. 8 in. 
155 ft. 

1 ft 0 m. 

2*7 ft. 
1874 . | 1875 . 

1874 . 

1875 . 

1874 . 

1875 

1874 . 

1875 . 

1874 . 

1874 . 

1875 . 


in. 

in. 

in. 

in. 

111. 

in. 

in 

in. 

in 

m. 

in. 

in. 

January 

5 26 

5**3 

472 

5*20 

461 

667 

10 89 

* 34 * 

** 5 * 

2*84 

2*81 

4*58 

February ... 

178 

1 40 

* 77 

*93 

2 ‘34 

*‘37 

5*33 

363 

1 57 

1*25 

1*70 

1*38 

March 

6 * 45 , 

*25 

3*77 

1 03 

3 ‘08 

I *08 

575 

2 66 

* 74 

0 80 

277 

i* 3 * 

April 

181 

1 59 

1*59 

129 

0*98 

**35 

267 

2*78 

** 5 2 

! -68 

1*99 

i *44 

May 

184 

2*92 

*49 

2*57 

1*23 

2*50 

1*32 

377 

* 8 7 

1 62 

rs* 

2*37 

June 

205 

4*47 

112 

4*24 

1*62 

3*99 

**34 

5*35 

* 7 * 

3 59 

* 33 

4 * 3 2 

July 

3*°4 

569 

2’ 4 2 

4*°3 

215 

2*52 

4*41 

3*18 

*72 

4*06 

2*09 

5*30 

August 

7-21 

3*76 

6*70 

383 

7*16 

3*54 

12*07 

4*73 

2*64 

4*98 

4*°7 

5*29 

September ... 

5*56 

5*88 

4*75 

4*9 

5*01 

606 

7*64 

938 

172 

3*49 

2*68 

4 * 5 1 

October 

6*90 

3*78 

638 

3**4 

8 59 

5*9 

13*99 

772 

3**5 

6*35 

4*3 * 

7 *i 5 

November ... 

5*35 

581 

5*26 

5**2 

4*6l 

635 

8*70 

906 

3* 2 7 

4*5 2 

478 

6*31 

December . . 

3*95 

2*58 

4*08 

2*73 

3 * 7 * 

2*46 

5*03 

577 

281 

1*42 

2*30 

1 '76 

Totals 

51*20 

44*26 

44*05 

38*40 

45*09 

43**7 

79**4 

7**44 

22*23 

35 * 6 o 

32*21 

45 * 7 * 


Div. IX. — Yorkshire. 


York. — West Hiding 
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ENGLAND. 


Division VIII. — North-Western Counties ( continued ). 


I Cheshire 
m continued). 

Lancashire. 

I Macclesfield 

Manchester. 

Waterhouses. 

Bolton-lc- 

Moors. 

Rufford, 

Ormskirk. 

Over Darwen. 

South Shore, 
Blackpool. 

3 ft. 6 in. 

2 ft. 7 m. 

3 ft 6 m. 

3 ft. 6 in. 

0 ft. 8 in. 

1 ft 0 in 

1 ft. 8 in. 

539 ft. 

106 ft. 

345 ft. 

286 ft. 

38 ft. 

600 ft. 

29 ft. 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

; in. 

in. 

in. 

in. 

in. 

in. 

in 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

a'6o 

2-66 

3*53 

3*57 

4'99 

4*27 

4*86 

5*6o 

2-80 

379 

5-82 

6‘i6 

288 

3*55 

2*17 

•5*! 

*'59 

74 

1 '99 

•98 

r88 

1 08 

1 61 

•85 

2 75 , 

1*20 

1*90 

1*00 

>*$5 

‘ 55 ! 

3*37 

•82 

4‘io 

•48 

4*66 

•87 

2*96 

76 

651 

>'57 

>45 

•58 

i'8o 

•60! 

rco 

•90 

V29 

1*26 

r 4 6 

i'll 

115 

71 

2*31 

i*68 

ro8 

* 6 5 

278 

1*46 

>*39 

2 07 

1*90 

i‘8o 

176 

2 *39 

1*42 

2‘02 

i *95 

277 

I ‘20 

1 *40 

•68 

2*06 ; 

roo 

3 * 5 6 

1 29 

378 

1*63 

5-01 

1*09 

319 

190 

422 

•25 

3*85 

2-95 

478 1 

>77 

4* 60 

1 ’69 

442 

3*46 

5-67 

2*65 

677 

3 67 

5-80 

172 

670 

4*06 

1*44 

474 

5 00 

4 39 

287 

677 

3-00 

4*12 

262 

776 

3 * 5 > 

4*00 

2 ‘20 

4-52 

272 ; 

3 86 

4*74 

4 60 

5-04 

4*20 

5 9 2 

3' 2 7 

4*59 

5* c 9 

5 * 5 2 

3’ 2 5 

465 

270 

381 j 

376 

4 45 

424 

4 34 

5-97 

6-13 

5*19 

4-82 

742 

5*68 

5-40 

4*55 

4-40 

r 59 

485 

4*22 

4 ' 4 2 

4-17 

738 

5 57 

4*53 

3*55 

6 1 1 

4*58 

4*25 

3-80 

i’8i 

ri8 [1 

3-64 

•82 

3-07 

>*53 

4*44 

1 ‘59 

3-06 

172 

3*68 

2*32 

2*35 

1-40 

3 >* 7 * 

2 4’43 ;! 

34 10 

35 49 

3797 

34*94 

48-67 

43*94 

3385 

34*59 

54 97 

45 *oi 

2973 

33*93 


Division IX. — Yorkshire ( continued ). 


York. — West Riding ( continued ). 


Tickhill. 

Penistone. 

Saddleworth. 

0 ft 5 in. 
OlO ft. 

Aukworth, 

Pontefract. 

Goole. 

Stanley Vic., 
Wakefield. 

Ovenden 

Moor, 

Halifax. 

1 It. 0 ill. 

61 ft. 

3 ft. 6 in. 
717 ft 

1 ft. 6 in. 
135 ft. 

3 It. 4 m. 

1 ft 0 m. 
100 ft. 

0 ft 6 m. 
1375 ft. 

1874. 

1875. 

1874 

1875 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

m. 

in. 

in 

in. 

in. 

in. 

in. 

•96 

2 *>5 

.63 

3*95 

43> 

3*22 

71 

272 

*95 

2*31 

I*C2 

3*o8 

3*00 

5*9° 

126 

i*33 

>*53 

*5 2 

|, 5> 

3*20 

no 

>*34 

1*02 

i*>4 

1*10 

1*22 

1*40 

1*40 

•97 

*53 

3*2-3 

•63 

4' 22 

‘94 

*95 

■50 

•96 

*43 

178 

*42 

4*5° 

1*90 

i*6i 

*57 

124 

•84 

2 -40 

>’05 

>‘>4 

*34 

1*27 

*4> 

1*10 

•48 

roo 

1*50 

*98 

>‘ 2 5 

>’53 

1*56 

>*>7 

2-99 

*9° 

>*>3 

1*22 

1*09 

*84 

>‘4> 

1*50 

2*00 

r 5 8 

271 

•19 

3*43 

>*4> 

4'°5 

72 

4*65 

*27 

r8o 

*74 

3 5 2 

1*80 

4*10 

1*98 

5*60 

172 

4*57 

1*86 

4-67 

.•36 

5*01 

>*34 

3*88 

>•83 

4-08 

270 

6*40 

2*53 

297 

3*73 

3*05 

5-60 

r8o 

>*53 

2*10 

>’43 

2*68 

>*50 

2*46 

5*oo 

3*20 

1*57 

2*22 

i*6i 

2*92 

2*03 

4' 74 

2*26 

2-64 

>*49 

2*42 

2*19 

2*70 

4*10 

4*90 

1 '84 

5 >3 

3*90 

5-36 

4*04 

3*62 

2*03 

4* 37 

1*56 

4*10 

i*66 

3*93 

570 

670 

262 

375 

1*16 

+73 

4*34 

4*37 

2 *5 > 

3*74 

2*6 1 

3*33 

2*64 

3*48 

4*60 

6*io 

1 98 

•83 

v 6 i 

r6o 

2*61 

>'47 

2'75 

* 6 5 

i*i6 

>‘34 

■ 

2*30 

*79 

4*oo 

2*50 

19*88 

*9'*4 

22*68 

33-36 

35*50 

36*12 

17-96 

z8' 79 

15*28 

2 4‘93 

18*30 

, 27*57 

| 39*9° 

46*20 
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ENGLAND. 


Division IX. — Yorkshire (cmtinued). 


Yokk. — West Riding (continued). j York.— East Riding. 


Height of 
Rain-gauge 
above 

Ground 

Sea-level... 

1 

Eccup, 

Leeds 

Yor 

k 

m 

1875. 

Harrogate 

0 ft 0 in 
380 ft. 

1874. 1875. 

Arnchffe. 

2 ft 0 in 

750 It. 

1874.: 1875 

Rewrite Road. 
| Hull. 

I 3 ft 10 in 
| lift. 

! 1874 j 1875 

War ter, 
Pocklington. 

Oft 9 m 

340 ft 

1874. j 1875. j 

Oft 6 
50 i 

1874. j 

1 ft. 
23( 

1874 

10 m. 

> ft 

1875. 


in 1 

in | 

in. | 

m. 

m ! m. 

m 

m. 

in 1 in 

in 

in. 1 

January . 

2*14 

378: 

1*09 

2 29 

2*°5 ; 4-37 

8 20 

IO*78 

rc 5 i 2 *35 

r 3 2 

2 *94 j 

February . 

1 40 

2*22 ; 

J‘35! 

1*20 . 

i*4* i 2 '49 

3*12 

1*92 

1*33 1 107 

*•55 

i*45 ! 

March . . . 

2*01 , 

n°i 

1*36 j 

*55 

2*64 r66 

6*6 1 

2*25 

118 *8 1 

1*90 

*97 i 

April 

I 44 

•67 i 

n8 , 

'44 

1*32; *48 

2 95 

3*01 

roi *47 

1*82 

•61 ! 

May j 

72 

'• 3*1 

U96 j 

i*6i | 

1 66 1 1*20 

2*52 

4*45 

‘5 6 i r 35 1 

2 18 

1 *7 i 

June ; 

•58 

2 *3 6 ! 

79' 

2-to ! 

■81 | 2-42 

**53 

465 

*57 1*85 j 

75 1 

r 9 6j 

July 

1*89 j 

3 o6| 

ri8 

3°5 : 

233! 2 ‘ 86 

3 9 2 

4-91 

! i 48 1 3 69 

r 5 8 j 

3 87 1 

August ; 

2 -4° ; 

2 57 1 

2 ’34 1 

2 17 ; 

2*90 J 2-8 I 

9 S 2 

3 56 

1 9 8 i 3’5& 

2'6i 

2*69 j 

September 

2 25 1 

3*01 1 

285, 

2 2 3< 

22 5, 2 00 

7**9 

5*23 

i 80 ; 2 49 ! 

i-68 , 

3*08 

October 

2*51 j 

4*39' 

2 17 

421 

2 74 4-64 

847 

5 *i 4 

' 177' 4‘34 i 

2*42 

5*59 > 

November 

2 69 1 

413, 

3*22 j 

3 83 

2 4 8; 439 

5* 1 3 

766 

3 7 1 j 5 7^1 

4 60 

6* 1 8 

December . 

2 94! 

I25i 

3*35 ! 

■89 

3*79 i ns 

57i < 

479 

275 1131 

3 ’ 9 2 

1 67 | 


Totals . j 12 97 j 30 12 ! 23 14 | 24*57 ; 26-38 | 30 67 ‘ 64 87 | 58 35 ; 20 19 1 28 87 j 26 33 1 32*72 J 


Division X. — Northern Counties {continued). 



Northumberland. 




Cumberland. 

| 

! Height of 

Bywell. 

North 

Shields. 

llaltwhistle. 

Lilburn 

Tower. 

Bootle. Seathwaite. 

Rain-gauge 







: 

above 

- 

- 


- - 




Ground . . 

0 ft. 6 in 

1ft. 0 in. 

Oft. 9 in. 

0 It. Oin 

1 ft 0 in. ! 1 ft Dm. 

Sea-level... 

87 ft. 

120 ft. 

380 It. 

300 ft 

87 ft. | 422 ft. 

1 

; 

1874 : 1875 . 

1874 . | 1875 

1874 . 

1875 . 

1874 . 

1875 . 

1874 | 1875 . 1 1874 . ’ 1875 . 

1 

! 

in. ; in. 

in. | in 

>»• 

in. 

in. 

m 

in. j in. ' in. m 

January .... 

2-65 2-58 

i- 5 ° 1 2*33 

3*48! 4-58 

r 33 

i*86 

3‘88 , 5 60 1 20*82 22*88 

j February . 

2*28 1*83 

•95; I '21 

177 

*‘59 

1-50 

3*i8 

; 3*°9 * 2 4 io*5° 345 

March . . 

1*47 *98 

ro 4 ! *51 

3-82 

•8 1 

I- *4 

1*21 

2*33 1-22 14*24 5*66 


1*61 109 

•72 , 76 

2*75 

1*23 

•89 

r 9 7 

l r 5 I | ** 5 6 4 ' 7 2 4*53 

?*y ! 

2*85 1*21 ! 

2*30 , *72 

1-95 

248 

2*09 

1*1 1 

1*031 2-50 2*82 7*80 

June j 

roi 2*11 | 

1*00 1*57 

1 ‘68 

2*29 

•91 

2 76 

1 06 i 4-52 3*02 ' 10 90 

i 

r 7 2 1 4 * 21 

1 47 j 5*38 

248 

4 * 4 * 

2*00 

1*62 

209 3*54 7*ao, 5*15 

August I 

2*60 4*19! 

*‘55 { 3 * 4 * 

5-02 

**97 

3l6 

*'54 

77 2 4**7 18*60 7*87 

September .. 

2*63 j 2 92 j 

| * 76 ; 2 '59 

3-96 

379 

12 5 

2*26 

548 5*89 ' 16*06 ( 1445 

October 

i'i8i 5*44 i 

[ 1*65 3*26 

477 

2*86 

1 *8o 

3 «*: 

i 5*91 6*01 1 30*18 ' 10*08 

November ...j 

4*28 , 6*03 

: 3 ' 3 ° i 5 ' s ‘ 

473 

5 5 2 

4*02 

4641 467^ 4-67; 13-20 j n*io 

December .. 

5*06 j 2 06 

! 379 j 1'44 

3**3 

2 55 

3'44 

i-8 9 

4*17' 2 ’35 1 7*34 ! 1 3*93 

Total* 

30*34 1 34*65 

| 1 

21*03 | 28*99 

39*54 

34 'oS 

2 4' 2 3 

*8-85! 

42*84 j 43*27 148*79 ! i 18*80 
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Division IX. — Yorkshire ( continued ). 


Division X. — Northern 
Counties. 


York. — E.R. | 
{continued), j 

York. — North Riding. 

Durham. 

Ganton Hall, 
Scarborough, 

Malton. 

Whitby. 

Northallerton. 

Middles- 

borough. 

Durham 

Observatory 

Wolsingham. 

1 ft. 0 in. 

1 ft 0 in. 

2 ft 0 in. 

1 ft 3 in 

1 ft. 6 in. 

4 ft 8 in. 

1 ft 0 in. 

250 ft. 

75 ft. 

184 ft. 

133 ft 

21 ft 

340 ft, 

464 ft. 

1874 . 

1875.1 

1874. 

1875. 

1874. 

1875. 

1874 

1875. 

1874. 

1875 

1874. 

1875. 

1874. 

1876. 

in. 

in. | 

in. 

in. 

in. 

in. 

in. 

m. 

in. 

in. 

in. 

in. 

in. 

in. 

2*22 

2*36 

i*6o 

272 

***9 

r8 6 

**85 

2*2 5 

1-09 

**74 

2-28 

4*2 5 

2*80 

4*49 

1‘72 

•88 

1-36 

•82 

***7 

*75 

i *57 

129 

•76 

•66 

2 06 

* 74 

1*61 

1 -98 

r86 

■33 

1-50 

78 

**58 

*56 

•47 

•30 

***3 

*33 

**54 

•70 

2*01 

•71 

2*22 

•60 

1*26 

•40 

73 

’95 

97 

■ 99 

■60 

*73 

1 82 

1-02 

i-86 

ri2 

**79 

no 

2*06 

**59 

3 * 5 ° 

•88 

1*98 

1*24 

2*22 

. 1-05 

3‘2I 

***4 

2*54 

**44 

°*39 

3*°7 

•93 

2-78 

•84 

2-90 

78 

2*63 

1-36 

2-67 

1-42 

261 

** 5 * 

2*15 

1-30 

4*59 

I '29 

3*94 

2-51 

4'74 

i*6o 

4*2 1 

1-13 

3**4 

1-85 

43 * 

*79 

4*59 

2*06 

2*26 

*74 

3*45 

238 

2-25 

2-36 

*75 

1 66 

225 

**77 

**59 

**53 

2*77 

**99 

2*48 

2*40 

1-89 

214 

1-63 

2*70 

2-07 

2 l 5 9 

171 

2*54 

3**4 

2’8o 

2-96 

178 

579 

2*00 

3 * 9 ° 

*38 

461 

267 

2-46 

*95 

**77 

2 40 

6 69 

**54 

5-60 

3-58 

6-57 

3**71 

5**3 

*‘93 

6*6o 

•96 

4-00 

2-08 

5-66 

4*63 

7**3 

3*48 

6-46 

4*19 

*74 

3*,8 

1*19 1 

3 * 4 6 

1*62 

. 

4*01 

1*07 

*75 

**47 

6 53 

1*84 

5*12 

2 * 5 * 

2409 

31-87 

23*19 

* 8*49 

* 3 * 9 * 

29-35 

2192 

2426 

18-32 

24*28 

33*05 

37-26 

29-59 

3678 





Division X. — Northern Counties (conthiu 

ed). 




h _ 

L 

Cumberland ( continued ). 

I 1 

ii 


Westmoreland. 



Yhinfell Hall, 
?ockermouth. 

Post Office, 
Keswick. 

Scaleby Hall. 

Kendal. 

Kirkby 

Stephen. 

Appleby. 

Great 

Strickland, 

Penrith. 

2 ft. 0 in. 
265 ft. 

1 ft 0 in. 
270 ft. 

1 ft. 0 in. 
112 feet. 

1 ft. 6 in. 
146 ft. 

lft.Oin. 
674 ft. 

1 ft. 0 111. 
442 ft. 

1 ft. Oin. 

650 ft. 

11874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 

”?• 
6*39 
. 4*55 
3*97 
2*03 
ro6 
ra6 
a*34 
9*oo 
7*38 

11 *45 
5-96 

*•75 

in. 

6*36 

'V 

1 -60 
1-48 
3-10 
4*35 
3*47 
4**4 
6*66 
4*69 
476 
3*95 

in. 

6-94 

4*9* 

4*57 

3-68 

*’*7 

**47 

2-82 

r-i \ 

1476 

4*40 

3*85 

in. 

8*5* 

***5 

2*02 

**5« 

3*3* 

4**4 

3*4* 

3**o 

6-38 

4*4* 

5*40 

5*9° 

in. 

4-00 

**55 

2-50 

1-29 

1- 58 
170 

2- 87 
6-65 
4**5 
5*63 
4*85 
2*64 

in. 

423 

*97 

'69 

•96 

170 

2- 78 

3*73 

2*13 

3- 69 

3»9 

3-36 

1 "95 

in. 

676 

3‘ 10 

4- 38 
196 

1- 05 

2- 21 
2-98 
7-40 

5- 76 
12*60 

4-21 

3* 6 9 

in. 

8*44 

**43 

173 

169 

263 

5*28 

2-40 

306 

5*75 

3*33 

6*57 

3*9* 

in. 

5-63 

*•85 

3-98 

3*3 

2-07 

i**4 

**55 

4*83 

5*54 

871 

3*ao 

2*88 

in. 

6*41 

•91 

1*26 

2- 29 
**73 
3*04 
3**4 
2*92 
5*26 
3*4* 
4*57 

3- 66 

in. 

4*35 

277 

3*44 

272 

**5* 

•92 

1*62 

4*77 

4**4 

672 

3-26 

2-69 

in. 
5-28 
•69 
* 3* 
*54 
2*61 

3*3° 

3*62 

4’9 8 

2*82 

3*22 

3-48 

in. 

5*C2 

2*69 

3*02 

3*26 

1*86 

2*60 

2-50 

5-20 

5*97 

9*43 

2*84 

3*05 

in. 

614 

•62 

2*41 

•80 

2*04 

3*35 

3*79 

2-05 

4*77 

3*5* 

3*4* 

3*2* 

5814 

4«‘09 

65-89 

49*53 

40-51 

19-38 

55*ii 

46-22 j 

45*5* 

37*5*1 

39-02 

3**44 

45*34 1 

35*01 


1870 .' 


o 
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REPORT — 1876 . 
WALES. 


Division XI. — Monmouth, Wales, and the Islands. 


Monmouth. 

' 

Glamorgan. 


| Carmarthen. 

i 

Pembroke. 

j Height of 
| Rain-gauge 
above 

Ground 

! Sea-level 

Newport, 

| 

1 l; 

Abergavenny. Swansea. 

1 

Pent 

Car 

yreh, 

diff. 

1 in. 
ft. 

Carmarthen 

Gaol. 

Haverford- 

west. 

1 ft 0 m. 
180 ft. 

1ft 0 in. 
220 ft. 

. . 

14 ft. 9 in. 

| 40 ft. 

1 ft. 
IOC 

Oft. 6 in. 

»2 ft. 

! 

1 ft. 0 in. 

95 ft. 

: 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . | 1874 . 

! 

1875 . 

1874 . 

1875 . 

1874 . 

1875. 1 

; 

in. 

in. 

m. 

in. 

in. 

in. 

in. 

in. 

... 

m. 

in. 

in. 

j January .... 

6io 

6-6 1 

4 * 9 1 

5-76 

4*75 

6*03 

6*91 

7*54 

i 674 

9-511 

5*62 

9 * 7 ° 1 

(February ... 

3 * 3 2 

2-51 

3*54 

2 22 

2*76 

2 12 

279 

2*97 

438 

2 '75 

4*73 

2*8o 

[ March . . . 

2 * 5 * 

* - ' 8 

•88 

1 72 

279 

ri 5 

3 * 5 ° 

2*02 

370 

r6o 1 

3-48 

1*64 


2*20 

2 80 

215 

2x9 

ri 9 

1 * 4 * 

1-89 

3*08 

3 34 

2-98; 

2 *34 

2-77 

i May ; 

*37 

3’>5 

•65 

2-83 

*43 

184 

2*03 

3*48 

•87 

3 551 

*97 

2-86! 

June | 

r 95 

5*92 

*53 

3-17 

2 'I 2 

3 40 

2-14 

6*49 

, r 47 

3 * 76 ' 

i* 3 i 

3 39 j 

iJuty 1 

** 4 2 

7 89, 

•83 

608 

r$S 

382 

1*63 

7‘22 

223 

6 56, 

2 *55 

5 ‘ 5 ° 

| August 1 

5’°7 

1-87 

299 

1 97 

4 ®9 

6‘33 

6*45 

5 87 

7 30 

7021 

6*u 

4-66 

! September . 

596 

466 

5*29 

395 

4'74 

4*39 

6*36 

5*02 

8-cy 

5 ' 8x 

4*47 

629 

(October ... 

5-18 

7 48 

4 43 

740 

4*35 

57 2 

5*97 

8*09 

6-88 

6 * 3 ° 

6*16 

7-28 

j November ... 

a* 99 

79 6 

z'90 

693 

271 

7*20 

3*36 

8*88 1 

3-08 

7-47! 

5 * 3 2 

7*61 

f December ...( 

| i 

4 ‘ 5 2 

r6 ‘ 

3*99 j 

215 

: 422 

2 ’] I 

5 77 

2*56 

5*97 

3 ' 5 ®| 

; 8 09 

393 

j Totals . .. , 

4 1 ‘59 

55 '®+! 

33'°9 j 

4® 17 ! 

36*30 

45 ’ 5 2 

4900 

63*21 j; 53*63 

60*87 ] 

5 i >5 

5843 


Division XI. — Monmouth, Wales, and the Islands (continued). 


r ' 

Merioneth. , Flint. i’i Carnarvon. 


Height of 
Rain-gauge 
above 

Ground 

Sea-level 

i Dol| 
| Brit 

ffi: 

j Bala. 

Maes-y-dre. 

1 Bryn 

i 

Alp. 

2 in. 

S ft. 

Beddgelert. 

Cocksidia, 

Carnarvon. 

1 ft. 1 in. 
120 ft. 

! 1 ft. 6 in. 

J 465 ft. 

1 1 ft. 0 in. 

j 544 ft. 

i 5 ft. 0 m. 

; 400 ft. 

j 1 ft. 

j 4K 

j 3 ft. 0 in. 

264 It. 1 

1 

| 1874. 

j 1875. 

1874. 

j 1875. ; 

I 1874. 

1 1875. 

j 1874. 

1875. 

1 

j 1874. 

1875. 

1 

1874. 

1875. 


in. 

I in. 

in. 

j in. , 

! in. 

in. 

in. 

m. 

I in. 

in. 

in. 

in. 

January 

7*79 

969 

5*ii 

7'3® 

1 1*87! 1*72 

2*15 

3*27| 

x 4’3 2 

1 3*45 1 

3*79 

4*08 

February ... 

6*83 

3*45 

3'3® 

1 r 9 3 n8 

*61 

2*08 

2*08 | 

5*n 

7*4° 

3*3* 

2*17 

March 

3*7 1 

2*62 

5'30 

! r8i 1*23 

* 2 5 

i*34 

791 

9*88 

5*07 

1*67 

1*27 

*P ril 

3 7 2 

3*43 

1*63 

, r 9?: 

*95 

*6o 

1*25 


6*44 

37 1 

1*90 

i*37 

May 

r 97 

3*48 

2 02 

! 175 1 

2*15 

1 i*77 

2*30 

1 1*88 1 

4*24 

5*34 

2*21 

2*39 

June 

183 

4*03 

1*04 

I 4*° 1 1 

*5 2 

1*81 

•48 

2*10 

3* 2 7 

8*07 

| *90 

3*37 

t ul y ; 

4-24 

4*38 

! 3' 28 

4‘i9 

2*38 

2*51 

*73 

5* 7 5 

7*15 

1 4*54 

1 3*n 

3‘3 ! 

August 

lO’II 

2*28 

; 5*93 

2*82 

**53 

2*07 

3*47 ! 

308 1 

14*99 

6*63 

4*5° 

2*16 

September... 

978 

7*77 

5*33 

4*6 1 

1*71 

2*8c 

2*89 

428; 

9*55 

10*22 1 

4*55 

4*97 

October 

898 

7-88 

823 

5*15 

2 86 j 

3*74 

3*69 

4 * 02 1 

*9*74 

1 3’ 2 5 j 

4*69 

Si* 

November ... 

io'i 8 

9-92 

5’°4 

5*5° 

3*13 

3*16 

4*09 

4*96 

17*12 

1 3*99 

4*5* 

3*63 

December ... 

7**8 

5*53 

6*21 

3-82 

1*82 ; 

*77 

3 * 6 1 

1*24 

9*75 

8*47 

4*29 

a *45 

Total* 

76*42 

64*46 53*48 

46*02 

22*33 

21*81 

30*08 

34*o6 

121*58 

100*14] 

39*44 

3®'3» 
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WALES. 


Division XI.— Monmouth, Wales, and the Islands ( continued ). 


| Pembroke 

I { continued ). 

Brecknock. 

Montgomery. 

j Cardigan. 


Radnor. 


Ivy Tower, 
Tenby. 

Brecknock. 

Llanidloes. 

Lampeter. 

■ ' 

Goginan. 

Nantgwilt. 

Heyhope 
Rectory. 1 

1 ft. 0 in. 
180 ft. 

2 ft. 0 in. 
407 ft. 

2 ft. 0 in. 
550 ft. 

5 ft. 0 in. 
420 ft. 

2 ft. 6 in. 
200 ft. 

1 ft. 0 in. 
767 ft. 

1 ft. 0 in. 

690 ft. 

' 1874 . 

1875 . 

1874 . 

1875 . 

1874 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

in. 

5*°3 

11 4 ‘ 35 

1 *' 52 
1 ri6 

f V 

I i '64 
[ 

6*i 6 

5**7 
5**5 
5 ’ 10 
6’59 1 

in. ( 
8*76 j 
2-46 
1-56; 
279 
*‘97 
3 8 4 1 
7*02 
5**4 
667 
676 | 
8-35 
3***1 

in. 

5*43 

4 '* 1 

2-52 

2-8o 

*79 

2*24 

1- 25 
4*10 
4-68 
5*65 

t*6i 

2- 32 

in. 

6*67 

2*30 

1- 99 

2- 56 
2‘8o 

3*56 

4**7 

2-98 

5 * 4 * 

6 72 
8*44 

i-88 

in. 

5 **o 

4-03 

4 *i* 

1*92 

170 

**39 

2*64 

6-23 

5*39 

5 * 3 * 

4-76 

6 *35 

in. 

5 *** 
291 1 

** 94 ! 

388! 

3*59 

3 * 3 * 

4*10 

2*41 

4*co 

818 

615 

2*3° 1 

in. 

5 *o* 

4*39 

2-79 

2 'X I 

171 

** 5 6 

2*50 

4*36 

6-04 

5 °7 
429 

5*44 

in. 

5 * 9 * 

156 

179 

1*87 

2-10 

*55 
5 *** 
4**7 
5*5 
6 68 

7*85 

1-72 

in. 

4 * 5 * 

272 

376 

J* 9 * 

**59 

1-28 

3 *** 

7-65 

4-80 

4-04 

5 ‘* 8 

5*54 

in. 

5*69 

2 50 
123 
i* 7 * 
2-36 
3*69 
4*47 
4**7 
561 

5* e 4 

5 *** 

2-i8 

in. 

7 56 
5 * 5 * 
3-46 

1 3 14 
178 

1 2-23 
! *’ 4 * 

8 *6i 

1 6*8 1 

7*33 
7 'n 
| 7 ** 

in. 

10*16 

*75 

r66 

*75 

364 

6- 35 

7- 26 
4*63 
6*56 
8*89 
8*12 

3*54 

in. 

3*86 

281 

*’*5 

V l 9 

8 7 
•42 
r66 
5*44 
3*63 
4-58 
4*05 
5*03 

in. 

5**4 
2*82 ! 
1*90 
2*08 
276 
3-66 
5-89 
3*59 
4*34 
7**4 

5 °* 
v 60 

46-62 1 

59 73 ' 

38-50 

4948 

49-00 

47*89 

45**7 

46-76 

46*10 

44-36 

6 3 -°9 

6531 

35*74 

47**7 


Division XI. — Monmouth, Wales, and the Islands ( continued ). 


Carnarvon {continued). 

Isle of Man. 

Guernsey. 

Sark. 

Jersey. 

Llanfair- 

fecban. 

Llandudno. 

Douglas. 

Point of Ayro. 

Guernsey. 

Sark. 

Millbrook. 

0 ft. 8 in. 
150 ft. 

0 ft. 8 in. 

99 ft. 

1 ft. 1 in. 

79 ft. 



12 ft. 0 in. 
204 ft. 

1 ft. 0 m. 
840 ft. 

1 ft. 0 in. 

50 ft. 

[ 1874 . 

1876 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

- - 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

in. 

373 

3**4 

i-66 

1*91 
3*35 
: ‘*7 
2*04 
3**8 
3**7 
5*°4 
5’ 6 7 
4*75 

in. 

4 * 5 ° 

2-80 

1- 67 
126 

2- 02 
2-44 
4*20 
2*22 

4 * 9 * 

S*oo 

4*37 

2‘02 

in. 

2-88 

1- 46 
2*12 
1*40 

2- 68 
*35 

1*97 

281 

*‘53 

3 * 4 * 

5-64 

443 

in. 

3*°3 

2*14 

■89 

*94 

1-46 

1- 81 

3*47 

2- 00 
4-65 

5 30 
4**5 
1*41 

in. 

5**5 

2-39 

1 76 
1*79 
1*39 
*48 
2*6 1 
5-89 

2- 38 
4*82 
7*oo 

3- 80 

in. 

6-65 

*'55 

1- 26 

* 9 * 

2- 64 
2-93 
4-56 
2*15 

3*39 

4-56 

5*63 

190 

m. 

2*35 

I '21 

no 

i*ii 

*77 

V 

1*64 

.396 

1*44 

34 * 

3*95 

3** 

in. 

3*83 

•64 

i"i 2 
•91 
1*84 
1-78 
1*67 

m 

2*46 

4-68 

4-46 

.- + 8 

in. 

1 94 

*41 

•85 

3-62 

*94 

1**3 

«*5 

167 

2*68 

682 

3*57 

7 * 9 ° 

in. 

5-00 

3**7 

•66 

i**4 

1*30 

**59 

2 'S 4 

1*13 

**94 

6**5 

6*13 

**39 

in. 

1*62 

i* 9 i 

m 

2-89 

•50 

•89 

1*64 

1*62 

1*94 

5 **i 

2-86 

5*39 

in. 

4-07 

275 

*45 

*94 

1-28 

2*28 

3**5 

178 

246 

6*25 

6-50 

1*99 

in. 

2-42 

2*04 

i*3 8 

i ‘99 

•65 

*78 

174 

1*86 

2-68 

5*17 

3*20 

8*11 

in. 

5 * 3 i 

% 

2 

2*06 

2*51 

113 

2*70 

7*62 

5*79 

i *53 

39 01 

37*41 

3>'«9 

3 i *35 

39-46 

39**3 

2422 

25-98 

35-38 j 

3564 

27-58 

33-90 

32*02 

33*91 


o 2 
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report-— 1876 , 
SCOTLAND. 





Division X 

II. — 8 

URKCU1 

outhern Counties. 





Wigtown. 



DBRIGHT. 


Dumfries. 

Height of 
Rain-gauge 
above 

(Ground .... 
Sea-level 

Balfern. 

Little Ross. 

Carsp 

3 ft. 
57-J 

bairn. 

Cargen. 

Drumlanrig. 

Wanlock- 

head. 

Oft. 11. in. 
75 ft. 

j 3 ft. 3 in. 

1 130 ft. 

10 in. 
1ft. 

0 ft. 4 in. 

80 ft. 

101 ft. 

0 ft. 5 in. 
1330 ft. 

1874. 

1875. 

1874. 

1875. 

1874 

1875. 

1874. 

1875. 

1874. 

1875. 

1874. 

1875. 


in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

January 

4’24 

772 

2 71 

3*38 

692 

*5**3 

570 

8-42 

590 

1110 

7-5> 

*4**4 

February . 

n6 

T29 

r8 5 

1-19 

3*4 6 

2'o8 

2-30 

1*21 

3-00 

2‘10 

462 

2-08 

March 

3' 2 * 

1*20 

1 79 

•83 

3*86 

3'*+ 

274 

i*6o 

3’9° 

2 80 

3*88 

3-56 

^p" 1 

i*9° 

no 

1-24 

*59 

4’5° 1 

I -52 

3-98 

1-56 

3-80 

210 

4*53 

2*36 

May 

‘95 

*’*3| 

73 

1-85 

rn ! 

342 

1-17 

184 

120 

2*90 

*99 

3*36 

Juno 

r 39 

y*3i 

■83 

2-54 

1 68 

3'8o 

*‘35 

4-58 

**45 

5*9° 

171 

5-63 

July 

3**4 

2-401 

**74 

r86 

3-20 

2 5° ! 

1-84 

245 

390 

2-70 

3*5 

283 

August 

627 

4*3 2 : 

3*93 

3 03 

638 

370 i 

7’°7 

2 30 

6-8o 

3-10 

7*96 

r8 5 

September .. j 

J' 24 

7*04 1 

2 23 

4-72 

5*95 

770,' 

6*oo 

5*47 

6 60 

7*60 

7-04 

952 

October .. . j 

8 03 

572 ; 

4 '49 

6-12 

12-63 1 

54* 

10-72 

522 

irio 

4-80 

12 47 

5’ 2 5 

November ...I 

570 | 

4-91 ' 

429 

6 55 

9' 2 *' 

861 1 

5'5° 

4’44 

6-30 

6-40 

4*7* 

7*9 

December .. j 

4 3* 

2 67 1 

2 11 

377 

2 90 1 

6271 

269 

4 1 1 1 

2 28 

490 1 

2 59 

696 

Totals , 

4471 

4443 

27-94; 36-43 

6r8o 

63 28 51-06 

1 

43**4 j 

: 56*3 

5640 | 6i*i6 

6 S' 73 


Division XIV. — South-Western Counties. 




Lanark. 





Air. 


Renfrew. 

Height of 
Rain-gauge 

Newmains, 

Auchinraith, 

Glasgow 

Hole House, 

Mansfield, 

Newton 

Douglas. 

Hamilton. 

Observatory 

i Patna. 

I 

Largs. 

1 Mearns. 

above 



... 














_ 








Ground 

0 ft. 4 in. 

4 ft. 0 in. 

0 ft. 1 in. 

1 ft. 0 in. 

0 ft. 6 in. 

; 1 ft. 0 in. 

Sea-level 

783 ft. 

150 ft. 

180 ft 

j 446 ft 

30 It. 

t 350 ft. 

i 


1874 

! 1875 . 

1 

1874 . 

1875 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1873 . 


in. 

in. 

in. 

in 

in. 

m. 

1 in. 

in. 

in. 

in. 

, in. 

in. 

January 

4-56; 3 06 

2-84 

4*55 

4-27 

6-67 

4'*3 

4*60 

5 * 3 o 

io-8o 

| 644 

7 *jo 

February . . 

2*59 

23* 

•60 

•90 

1-03 

* 74 


**44 

1*40 

2*10 

184 

2-25 

March 

2 93 

**33 

2‘00 

**37 

3*45 

2-13 

3*66 

**45 

1 20 

i-8o 

5*20 

3*03 

April 

2-43 

i-6o 

1-40 

•86 

i-88 

1 -68 

1-58 

1*69 

2-70 

2*00 

3*59 

* 5 * 

May 

1*04 

**43 

1 90 

*83 

2-50 

**55 

*43 

2 *44 

1-80 

2*90 

2-75 

3*00 

Juno 

i **3 

3 56 

1-32 

2*20 

* 9 ° 

3*57 

171 

2-64 

1*00 

3*40 

130 

286 

July 

2-04 

2.78 

V20 

*7* 

4*°3 

»■*? 

3-10 

2-14 

260 

2-10 

2-66 

1*83 

August 

6*o6 

2-07 

5*48 

2-25 

4*74 

2*98 

5-08 

2-83 

q-oo 

4 * 9 ° 

483 

3*47 

September ... 

4*3 

5 6 5 

3 * 3 ° 

3*60 

4-41 

5*45 

4*59 

4*94 

5 M0 

8-90 

624 

5*97 

October 

7*16 

4*74 

4 * 9 ° 

4 - 3 o 

8-oi 

5-86 

764 

4‘39 

8-io 

7-60 

1117 

5*07 

November ... 

4*36 

387 


376 

4-26 

5**9 

5*77 

4-82 

5-60 

5 * 5 «> 

488 

5*94 

December ... 

2*70 

44* 

>• 3 * 

i 3-06 

2-87 

5*58 

2 *79 1 

3*2* 

1*50 

4 ‘ 5 ° 

4 * 5 ° 

7-07 

t Totals 

t 

4<‘*3 

38*8 

3**02 

29-39 

4276 

44*29 

44 4 *> 

3659 

42-50 

565° 

55*40 

49**0 
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SCOTLAND. 


Division XIII.— South-Eastern Counties. 


Roxburgh. 

Selkirk. 

Peebles. 

Berwick. 

Haddington. 

Edinburgh. 

1 Silverbut 
pall, Hawick. 

Bothwickbrae. 

North Esk 
Reservoir, 
Penicuick. 

Thirlestane. 

East Linton. 

GHencorse. 

Charlotte Sq., 
Edinburgh. 

4 ft. 0 in. 
612 ft. 

0 ft. 2 in. 
800 ft. 

I 0 ft. 6 in. 

! 1150 ft. 

1 

0 ft 3 in. 
558 ft 

0 ft. 8 m. 

90 ft. 

0 ft 6 in. 

787 ft. 

0 ft 6 m. 

2:30 ft. 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 

1875 . 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

m. 

in. 

2*1 1 

4*09 

4*00 

7*60 

3*45 

4*45 

270 

3-80 

1*20 

1*91 

3*45 

5 ' 7 o 

174 

2*74 

1*16 

r °7 

2*40 

r 5 o 

8; 

1*30 

1-50 

1*90 

•60 

i *39 

1*20 

roo 

•70 

1*17 

i*88 

1*21 

3 ' 3 ° 

1*90 

*' 3 S 

175 

1*50 

•80 

1*00 

■64 

2 20 

r6o 

173 

*90 

i r 95 

•97 

270 

no 

2-15 

1*40 

1*15 

*45 

*68 

*40 

275 

115 

* 9 ° 

•67 

172 

136 

i‘6o 

r8o 

r6o 

r 55 

'95 

1-30 

1*37 

•48 

2*00 

160 

1*50 

75 

•78 

276 

i'8o 

2-70 

1 TOO 

2-70 

1*00 

2*30 

i *47 

273 

1-50 

2*75 

1-60 

2*00 

2*20 

274 

2*40 

3*20 

2-70 

3 * 3 ° 

2*00 

2-60 

4*52 

2-65 

2*55 

3-85 

3*34 

3-26 

5 ‘ 0 3 

2*38 

7*20 

2‘20 

6-50 

2-55 

5-20 

•90 

4*54 

•96 

6-6o 

2-50 

4-87 

i **3 

3‘33 

3+81 

4-00 

5 ' 9 ° 

3 30 

4*60 

2*00 

370 

2*16 

2*64 

3*20 

4 * 5 ° 

175 

2-67 

483 

2 *54 

870 

3 ‘ 4 ° 

4‘8o 

3-60 

3*10 

4'45 

2 26 

3*93 

S ' l 5 

3*40 

2-42 

2*34 

4-65 

3 * 7 1 

5*40 

4 - 6 o 

4’45 

570 

4-30 

5*00 

4-69 

5'°5 

3*70 

575 

3 *ii 

4*92 

i-8 1 

2-64 

4- 10 

5 

j 1 90 

3-40 

3 ** 3 j 

2*30 

2*98 

ri5 

r 55 

2-90 

2-10 

i*8i 

33 45 

2875 

47-60 

40-90 

j 35*05 

36-30 

* 8'33 

29*50 

27*47 

23-93 

35-85 

36-70 

25-76 

14-36 


, Div. XIY. 

1 ( continued ). 



Division XV.- 

—West Midland Counties 




I Renfrew 
! (continued). 


Dumbarton. 


Stirling. 

Bute. 

Argyll. ! 

Olenbrae, 

Balloch 

Arddaruek, 

Aniott Hill, 

Pladda. 

Castle 

j 

Calton Moi\ , 

Greenock. 

Castle. 

Ivoch Long. 

Falkirk. 

Toward. 

, 

0 ft. 9 m. 

Oft 4 in. 

0 ft. 10 in. 

1 ft 0 in 

1 3 ft 3 in. 

4 ft 0 in. 

4 ft. 0 in. 

574 ft. 

91 ft. 

80 ft. 

135 ft. 

| 55 ft. 

; 05 ft. 

65 ft. 

1874 . 

1875 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 

1875 

: 1874 . ! 1875 . 

1874 . 

1875 . 

in. 

in. 

m. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

j in. 

in. 

in. 

in. 

9-60 

io*6o 

6*24 

9*07 

iri8 

12*86 

4*52 

5-84 

377 

4*65 

4*87 

8*13 

6 91 

6*97 

2*80 

2*60 

2-18 

1*46 

2 ’95 

2*62 

,,, 5 

1*21 

1*25 

1*24 

* 54 

1 50 

2*89 

215 

6*io 

2*6o 

5*55 

2*18 

9-78 

3 * 5 * 

3*03 

*39 

3*45 

1 *54 

4*37 

2*27 

6*04 

2*34 

3*70 

2*50 

2*28 

2*24 

6 23 

3*66 

i*8i 

1*20 

2 ’37 

1*24 

2*94 

ri 5 

3*90 

284 

2*40 

4*10 

2*64 

3*74 

2*78 

5*30 : 

2*30 

2*20 

195 

2*18 

2*63 

3*°5 

2*09 

3*54 

1-90 

3 * 5 ° 

i*6o 

3*84 

1*84 

5*21 

1*20 

2*78 

'93 

1*99 

1*21 

2*94 

1*65 

3*59 

3 * 5 ° 

2*50 

3*57 

2*02 

4*70 

2*26 

3*95 

2'19 

2 ‘37 

1*58 

2*76 

2*35 

4-21 

2*65 

6*20 

4 * 8 ' 

6-33 

5'*5 

678 

673 

5 '* 8 

2*12 

4-96 

V06 

4'49 

4*55 

5 * 5 8 

6*29 

8*8o 

5*3° 

648 

590 

11*22 

6*03 

2*31 

1*98 

4*08 

3*01 

6- 9 i 

4*69 

8*23 

372 

12*20 

8*60 

9*00 

7 * 35 

14*03 

10*43 

4*39 

4*02 

7**7 

6*22 

1 9*47 

6*72 

8*76 

7**5 

6*oo 

6*30 

6*10 

5*57 

979 

7 * 3 6 

4 * 5 * 

4*92 

5 * 5 ° 

5*47 

j 6*12 

4 *i 7 

6*27 

6*26 

2*30 

7*io 

3*io 

5*93 

2*94 

9*28 

2*50 

4*55 

2*83 

3*90 

j 2*28 

4 * 5 ° 

277 

4 * 7 ° 

6joo 

60*50 

55*07 

54*45 

84*22 

75’ 2 5 j 

36 95 

34*40 

40*63 

36*08 

1 49*59 

46*02 

59*3° 

52*20 
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REPORT— -1876. 
SCOTLAND. 


Division XV. — West Midland Counties (continued). 


Argyll ( continued ). 


Height of 
Rain-gauge 
j above 
j Ground 

Inverary 

Castle. 

Airds, 

Appin. 

Corran, 
Loch Eil. 

Ardnamur- 

chan. 

Devam*, 

Campbeltown. 

Sktpnesg 

Castle. 

0 ft. 2 in. 

0 ft. 3 in. 

0 ft. 4 in. 

3 ft. 6 in. 

3 ft. 4 in. 

1 ft. 6 in. 

Sea-level 

30 ft. 

38 ft. 

14 ft. 

82 ft. 

75 ft. 

20 ft. 


1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1873 . 

1874 . 

1875 . 


in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in 

in. 

January 

10*00 

6 oo 

7*20 

6*40 

12*33 

4 95 

6*04 

6*37 

4 02 

6*04 

5 * 4 ° 

490 

February .. 

3*00 

2*00 

3 *ip 

2*30 

3*20 

*45 

2*80 

1*72 

I* 4 I 

*‘45 

3 * 4 ° 

1*90 

March 

9*oo 

2* 5 0 

7*20 

2 60 

,0 *35 

2*20 

4*^3 

, ’93 

2*91 

2*03 

5*20 

2*50 

April 

May 

4*00 

2*00 

4 10 

2*80 

5*io 

3*10 

3 * 5 ° 

2*20 

316 

•50 

3 * 3 ° 

• 5 ° 

2*00 

4*oo 

2*60 

480 

2*20 

4‘20 

i *49 

3-48 

103 

2*29 

1*40 

3*00 

June 

1*00 

5*00 

2*90 

4*30 

2 30 

2*27 

1 97 

2*58 

•52 

2*52 

1*70 

3 *i° 

July 

5*oo 

1*50 

5*10 

2*70 

3*25 

2*64 

317 

1*97 

2*77 

1*53 

i- 9 o 

2*70 

August 

6*oo 

6*oo 

7-70 

8*6o 

3*57 

X2‘6l 

5 H 

6*17 

4*68 

3*25 

5*00 

3*60 

September ... 

uoo 

7*oo 

9‘20 

3 * 4 ° 

7*10 

3 * 9 ° 

9*64 

2*52 

4*5 

3*42 

7 * 3 ° 

5 * 7 ° 

October 

13*00 

5 oo 

10*80 

440 

8*8o 

5*60 

7*85 

419 

699 

967 

7*60 

5*80 

November .. 

9*oo 

400 

4'3 0 

5 * 5 ° 

3*°5 

5 * 3 ° 

4*61 

4*65 

8*32 

5*74 

6*20 

6*6o 

December ... 

4*oo 

I TOO 

2*30 

6*oo 

1*90 

965 

2*30 

3*70 

3*65 

3*39 

4*70 

5*00 j 

Totals 

77 *oo | 

56*00 

66*50 

53*80 

63*15 

57-87 

53*44 

41-48 

43*71 

41 83 

54 *i° 

45 * 3 ° | 


Division XVI. — East Midland Counties ( continued ). 


Perth ( continued ). 


Height of 
Rain-gauge 
above 

Ground 

Sea-level. .. 

Ledard. 

Loch 

Katrine. 

Auchterarder 

House. 

Dunkeld. 

Bonskeid, 

Pitlochrie. 

Scone 

Palace. 

150 ft* 

0 ft 6 in. 
830 ft. 

2 ft. 3 in. 
102 ft. 

1 ft 0 in. 
225 ft. 


2 ft. 6 in. 

80 ft. 

1874 . ! 1875 . 

1 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . j 1874 . 

1875 . 

January 

February . . . 
March .... 

April 

May 

June 

July 

August .. .. 
September ... 

October 

November ... 
December ,. 

in. 

4 * 3 ° 
1 90 
4*80 
rgo 
3*80 
2*00 
5 20 
6*90 
8*90 

lO'QO 

4 * 3 ° 

i‘6o 

in. 

12*30 

1*40 

3 * 7 ° 

1*90 

4 * 7 ° 

5 * 3 ° 

2*30 

6*80 

8*oo 

8*6o 

6*10 

7*60 

in, 

8*oo 

3 * 5 ° 

850 

4*20 

2*70 

2*80 

7*10 

5*20 

1 1 '60 
13*60 

7 * 9 ° 

2*70 

in. 

14*60 

2*40 

3 * 7 ° 

2*40 

5 * 7 ° 

5 * 4 ° 

2*20 

5 * 7 ° 

7*20 

10*10 

8*00 

10*20 

in. 

3 97 
*68 
1*96 
2*30 
2*11 

*70 

4*22 

3*39 

2*97 

5*63 

4*72 

1*48 

in. 

6*61 

1*26 

1*83 

•63 

i *54 

2*00 

2'8l 

2*14 

2*79 

4*86 

5*10 

511 

in. 

4*oo 

I* 5 2 

3*21 

3*05 

2*31 

1 25 
5*01 

3 * 9 r 

419 

5 * 3 ° 

3*28 

3*06 

in. 

5*66 

I ’ 5 I 

172 

1*28 

1*30 

3 * 4 ° 

2*02 

3*57 

5*26 

5*58 

4 * 7 ° 

5*19 

in. 

S*8z 

1*29 

**33 

3*29 

*59 

1*84 

3*52 

6*88 

4*00 

5*50 

2*40 

2*10 

in. 

4*54 

117 

**54 

1*07 

2*10 

277 

2*59 

2*21 

3*75 

7*46 

3*45 

2*70 

in. 

2*50 

70 

i*6o 

i * ! 4 

i* 5 i 

•61 

2*32 

625 

1*97 

2*45 

4’*5 

no 

in. 

4*97 

TOO 

1*67 

1*66 

roo 

1*92 

2*39 

3*43 

5-67 

5*60 

2*46 

Totals 

55-60 

6870 

77 ' 8 o 

77-60 

34*13 

36*68 

40*09 

41*19 

1 * 5 . 

35-35 1 *6-30 

3*91 
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Div. XV. — West Midland Counties ( continued ). 


Division XVI. — East Midland 
Counties. 


Argyll (continued). 

Kinross. 

Fife. I 

Perth. 

Rhinns of 
Islay. 

Eallabus, 

Islay. 

Lismore. 

Hynish, 

Loch Leven 
Sluice. 

Nookton. 

Ki^penroas. 

3 ft. 

Oin. 

1ft. 

Oin. 

3 ft. 

4 in. 



Oft. 

6 in. 

0 ft. 6 in. 

Oft. 

4 in, I 

74 It. 

67 ft. 

37 ft. 



360 ft. 

80 ft. 1 

150 ft. | 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

£ 

00 

1875 . 

1874 . 

1876 . 

1874 . i 

1 

1875 . 

1874 

1875 . 

in. 

in. 

in. 

in. 

m. 

in. 

in. 

m. 

in. 

in. 

in. j 

in. ! 

in. 

in. 

1-55 

4*76 

4*44 

6*53 

5*16 

5 *i 5 

7*34 

8-91 

3 ‘ 4 o 

5 * 5 o 

2 * 39 ! 

4*99 1 

3*70 

8*oo 

*‘33 

175 

2*92 

2*10 

1*84 

1-56 

4-87 

3’47 

1*10 

1-90 

1-05 | 

1-86 

*60 

•90 

2*04 

1-47 

3 ' 6 S 

roo 

4-48 

173 

8-47 

1*49 

2*40 

1-90 

2‘10 ( 

'• 5 *| 

3-10 

170 

*‘35 

•63 

3 ' 3 ° 

*'37 

3 2 5 

1*16 

3'53 

1 54 

2‘10 

roo 

I 46 1 

76 

1*85 

* 5 ° 

r 33 

1*61 

129 

2-58 

2*57 

2-49 

3*30 

3*07 

2*10 

1-30 

1*74 

1-19 

I'OO 

1-50 

•84 

1*93 

ro6 

2-63 

1-96 

2 60 

r66 

3 - 5 » 

•40 

2*20 

•« 3 , 

2-41 

J,, 5 

2-70 

2-63 

•64 

3' 1 3 

1*42 

4*65 

i *47 

369 

1-89 

2-70 

210 

1*99 i 

291 

2*10 

170 

3-02 

3 * 5 « 

448 

5 ' 4 6 

3*44 

4-63 

4-28 

4-48 

4'8o 

2-20 

! 3 ‘ 97 i 

i *5 1 

4*50 

2*10 

4-67 

3-50 

641 

440 

6 23 

i *59 

12'25 

3*39 

4 00 

3 ‘ 9 ° 

2-48 

3*05 

3'6o 

3-60 

4-68 

612 

7*39 

7 47 

8'o6 

1-82 

676 

7*22 

5-20 

570 

3 * 32 ! 

4-03 

6*30 

5 * 3 ° 

5-00 

414 

7-86 

6-03 

3 5 1 

2 64 

9 78 

4*72 

3-20 

5*30 

! 2*38 ] 

4 * 5 i 

4*20 

5*00 

2*92 

2-63 

1 4 ’ 3 ° 

4-17 

roi 

3-08 

293 

3-63 

2*00 

4-60 

2*02 ; 

2*5 7 

’80 

5*20 

34'36 

3276 


46-16 

j 46-16 

29-92 

' 68-86 

1 

47*39 

33-40 

3760 

: * 5*53 

3 i *37 

32-90 

38*20 


Division XVI. — East Midland Counties 
(continued)* 


I Perth 

i (< continued ). 


Dalnaspidal. 


I ft. 6 m. 
1450 ft. 

1874 . j 187 . 7 . 


Dundee 

Necropolis 

0 ft 5 in. 
1(57 ft. 


Division XVII. — North- Eastern 
Counties. 


Aberdeen. 


Arbroath. Montroseness. 


2 ft. 0 in, 
00 ft. 


The Burn, 
Brechin. 


0 ft. 6 in. 
250 ft. 


0 ft. 0 in. 
1114 ft 


Aberdeen, 
Hose Street. 

0 ft. 5 in. 
95 ft. 


1874 . I 1875 . 1874 . I 1875 . 1874 . I 1875 . 1874 . I 1875 . 'j 1874 ! 1875 . j 1874. 1 1875 . 


270 10*63 


69*21 63*09 


a-6o 4-70 2-19 484 2-30! 3-90 

a-20 1-55 1-75 rSi j i-ooj 1-90 


2535 3*^5 22*92 30-1 1 21-12 29*85 


36*20 1 28-38) 
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SCOTLAND. 


Division XVII. — North-Eastern Counties (continued). 


Aberdeen ( continued ). 


I Height of 
| Rain-gauge 
( above 

Ground 

Sea-level 


Leochel, Tillvdesk, 

Cushnie. Ellon. 

3 ft. 0 in. 0 ft. 4 in, 

882 ft. 349 ft. 


Gran town. 


1 ft. 6 in. 
70 ft. 


1874 . 1875 . ! 1874 . 1875 . 1874 . 1875 . 1874 . 1875 . 1874 . 


January 

February ... 

March 

April 

May 

June 

July 

August 

September . . 

October 

November .. 
December .. 


i *99 , ‘S^ 

i *59 r 9 I 
163 277 

1- 24 ’87 

176 1-49 

2- 87 -93 

4*47 2 ‘ 2 9 

470 6-83 

3*55 1 94 

7*34 2 ’94 

4*96 4 5 1 

1*96 3*95 


m. in. 

216 194 

104 1*15 

282 2*07 

no no 

2 39 r 45 

123 3 06 

3 3 ° 5*44 

®55 3*9 

*74 3 '«° 

3*ii rS8 
2 ' 5 I 3*43 

2 95 3'°4 


Div. XVIII.— North- 
Western Counties, 

Ross and Cromarty. 

Inverinate 


House, 

Gairloch. 

Loch Alsh. 


3 ft. 0 m. 

6 ft. 0 in. 

150 ft. 

13 ft. 

1874 . 

1875 . 

1874 . 1876 . 

in. 

in. 

in. in. 

1177 

77 o 

561 2*61 

285 

1 ‘60 

206 182 

l2 '45 

3*90 

505 2*33 

640 

370 

2*81 2*37 

2*70 

8*95 

3 *5 3 5 ® I 

5*55 

5 °5 

275 2-97 

5 ' 4 ° 

4'io 

383 469 

7’20 

i°*75 

4 2 6 575 

1 3 60 

5*60 

74* 2 * 9 2 

l4‘8o 

5*08 

7*05 279 

6 50 

5-80 

3‘oz 3*81 

365 

*■95 

2-28 377 j 

9147 

71*18 

49 ‘ 3 * 3*59 


Division XVIII. — North-Western Counties 
(continued). 


Division XIX.— Northern Counties. 


Inverness ( continued ). 


| Height of 
Rain-gauge 
above 

Ground .... 
Sea-level 


Island Glass, 
Harris. 


Glen 

Urquliart. 


3 ft 4 in. 0 ft. 8 in. 
50 ft. 537 ft. 


0 ft. 9 in. 
821 ft. 


SUTHERLAND. 


Dunrobm. 


3 ft. 0 in. 
9 ft. 


0 ft. 4 in. 
26 ft. 


Cape Wrath. | 


3 ft. 6 in. 
355 ft. 


1874. 1875. 1874 1 1875.1 1874.1 1875. 1874.1 1875. 1874.1 1875. 1874.1 1875.1 


January 

February ... 

March 

April 

May 

June 

July 

August 

September... 

October 

November .. 
December ... 


m. I in. 
7*25 6*o8 

2-04! 173 
568 j 142 


276 2*99 

2 '94 * 9 ! 


70 6'6i 

2-50 5*34 


3*20 j 10*06 
3 * 5 ° I 5 * 22 


4*00 372 

•50 1-50 

370 1*06 

r 45 ! *53 

r6o 178 
140 2*28 

no 2’66 
5*00 2*26 

2 ’60 2*02 
3*15 3 ' 10 

3*26 407 

3*40 1-95 


3076 27*53 44*50 35* 6o | 38*18 j 27*81 


2*50 2*07 

5*io 386 
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Division XVIII. — North-Western Counties ( continued ). 


Boss and Cromarty ( continued ). 

. . . . 

Inverness. 

Lochbroom. 

Cromarty. 

Ardross 

Castle, 

Alness. 

Oronsay. 

Barrahead. 

Ushenish, 
South Uist. 

Culloden 

House. 

0 ft. 8 in. 

3 ft. 4 in. 

1 ft 0 in. 

0 ft. 6 in. 

3 ft. 

6 in. 

0 ft. 4 in. 

3 ft. 0 in. 

48 ft. 

28 ft. 

450 ft. 

15 ft. 

40 ft. 

157 ft. 

82 ft. 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

■ 

in. 

in. 

in. 

in. 

7*97 

4’49 

2*13 

277 

3* 6 5 

482 

2200 

4*9 

*’79 

3% 

7*08 

S 'i° 

2-45 

2*63 

176 

2*30 

*06 

‘ 5 * 

* 4 * 

126 

7‘20 

1*87 

i* 4 « 

•88 

2*25 

**5 

*52 

7 * 

6*88 

272 

1*26 

■98 

3 02 

2-09 

15*25 

2*08 

2*51 

1*04 

5 * 4 * 

***5 

i* 7 * 

178 

469 

1*84 

i* 3 * 

16 

313 

1 29 

872 

2*25 

1-83 

i **4 

3 ‘ 7 o 

2*25 

160 

*99 

*'45 

4*17 

171 

*61 

3‘34 

1*78 

4 * 5 ° 

4*06 

1*29 

1*98 

*45 

3-10 

i *59 

*6 

5 ' 4 « 

3'°5 

*74 

78 

1-50 

2*82 

5*5 

2*38 

•86 

2*00 

2 70 

2-05 

78 

158 

a*QD 

4*77 

i *39 

2 06 

229 

4 * 3 * 

6*55 

2*05 

285 

J* 5 * 

2-49 

2*00 

192 

3'33 

4*^5 

3 *i 

3-60 

1*52 

641 

3*°5 

6-95 

7*60 

3*33 

4 ’ 3 ° 

4-40 

6-30 

6-40 

2*06 

4-28 

4'°5 

1*40 

205 

4 00 

329 1 

10 40 

3*3 

3*46 

196 

6*65 

**45 

**73 

2*65 

11*04 

2-97 

174 

1-82 

5**4 

3 * 45 1 

768 

* 55 

5**5 

3*°5 

6-43 

3 7 o 

2*88 

*33 

6*12 

4*77 

170 

2'2 5 

376 

3*59 

375 

3*45 

3*78 

**94 

565 

4 35 

1 * 7 * 

3*09 

4*35 

4' J 9 

•28 

177 

2'04 

3 ' 4 * ] 

2 30 

4 3 * 

r 5 6 

2*37 

*45 

2’05 

102 

**33 

6rio 

43 f, 3 

1693 

1 6*89 j 38 89 

35 *4 

101 15 

4073 

30-82 

| 26-96 

51-66 

35*35 

* 5 * 3 * 

* 3*34 

r . . . - . - - , 


Division XIX. — Northern Counties ( continued ). 


Caithness. 


Orkney. 


Shetland. 


Nosshead. 

Holburnhead. 

Pentland 

Skerries. 

1 

Balfour 

Castle. 

Sandwick 

Manse. 

Stourhead. 

Bressay. 

3 ft. 

4 in. 

Oft 

4 in. 

3 ft. 

3 in. 

Oft. 

6 in. 

2 ft 

0 m. 1 



0 ft. 4 in. 

127 ft. 

60 ft. 

72 ft. 

50 ft. 

78 ft. j 



60 ft. 

1874 . 

L 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

1874 . 

1875 . 

in. 

in. 

in. 

in. 

in. 

m. 

in. 

HI. 

in. 

in. 

in. 

m. 

in. 

in. 

v Vi 

389 

4-60 

4 ’ 5 ° 

3*88 

4*08 

5 'po 

5*60 

3-98 

5’oi 

5 80 

6*50 

3*43 

5**5 


**34 

•70 

90 

*44 

i’ 3 * 

1*20 

1*20 

1-39 

199 

1-50 

3-00 

*’33 

2*27 

r/i 

r A$o 

75 

3*20 

•40 

*’47 

TOO 

2*70 

•50 

3*46 

*3 

4*20 

5-60 

29a 

1*01 

a*o8 

2*00 

3 -oo 

171 

1*92 

1*00 

2 20 

2'10 

2'6i 

370 

3-00 

3*49 

i*6o 

1-07 

165 

r8o 

1-70 

-69 

r86 

*6o 

TOO 

i*5* 

r 5 I 

3-10 

5 * 3 ° 

i *34 

i* 9 * 

‘99 

21 1 

1-90 

•0° 

112 

i-8i 

*8o 

TOO 

1-67 

r 45 

3*20 

1-30 

2*25 

i *44 

1*90 

2*64 

2’00 

3-60 

r8o 

2*20 

1-90 

2*50 

*75 

2-94 

240 

690 

77 

39* 

3-46 

278 

3*70 

1 - 9 o 

291 

2-68 

*‘ 5 ° 

2*20 

5-00 

2*68 

4*40 

7*40 

5*47 

3*49 

3-56 

2*60 

2-30 

210 

3'°5 

*•85 

460 

2-20 

4*86 

286 

5*30 

4*70 

4*9 

3*68 

3*05 

3-09 

4*20 

2’8o 

2-27 

2-12 

370 

2-10 

4-10 

376 

6* 50 

5-50 

4’8o 

5*55 

3 *°i 

3-61 1 

2-50 

3-50 

2*85 

416 

3 * 5 ° 

4*10 

4*00 

4-05 

4-70 

| 4*8o 

1-84 

4**7 

2*84 

*‘91 

2‘2Q 

270 

3-04 

r 53 

3*20 

l'lO 

3*44 

3’36 

2-60 

8*oo 

1*98 

3*55 

27-37 

18-45 

3TI0 

27*60 

25*83 

27*53 

3070 

2680 

i 38*6 

3306 

47-40 

1 6 2*00 

| 35*9* 

37*9° 
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Ninth Report of the Committee , consisting of Prof. Everett, Sir W. 
Thomson, F.R.S., Prof. J. Clerk Maxwell, F.R.S., G. J. Symons, 
F.M.S., Prof. Ramsay, F.R.S., Prof. A. Geikie, F.R.S., James 
Glaisher, F.R.S., George Maw, F.G.S., W. Pengelly, F.R.S., 
Prof. Hull, F.R.S., Prof. Ansted, F.R.S., Prof. Prestwich, 
F.R.S., Dr. C. Le Ne\e Foster, Prof. A. S. Hersciiel, G. A. 
Lebour, F.G.S., and A. B. Wynne, appointed for the purpose of 
investigating the Rate of Increase of Underground Temperature 
downwards in various Localities of Dry Land and under Water . 
Drawn up by Prof. Everett, Secretary . 

A remarkable series of observations have recently been taken in a boring 
at Sperenberg, near Berlin. The bore was carried to the depth of 4052 
Rhenish (or 4172 English) feet, and was entirely in rock-salt, with the excep- 
tion of the first 283 ftet, which were in gypsum with some anhydrite. The 
observations were taken under the direction of Herr Eduard Hunker, of 
Halle an der Saale, and are described by him in a paper occupying thirty- 
two closely printed quarto pages (200-238) of the ‘ Zeitsehrit't fur Berg-, 
Hiitten- und Salinen- AVesen ’ (xx. Band, 2 and 3 Lieferung : Berlin, 1872). 

The instrument employed for measuring the tempeiatures was the earth- 
thermometer of Magnus, which gives its indications by the overflowing of 
mercury, which takes place when the instrument is exposed to a higher tem- 
perature than that at which it was set. To take the reading, it is immersed 
in water a little colder than the temperature to be measured ; the tempera- 
ture of this water is noted by means of a normal thermometer, and at the 
same time the number of degrees that are empty in the earth-thermometer is 
noted. From these data the maximum temperature to which the instrument 
has been exposed can he deduced, subject to a correction for pressure, which 
is not very largo, because the same pressure acts upon the interior as upon 
the exterior of the thermometer. 

In the following resume (as in the original paper) temperatures are ex- 
pressed in the Reaumur scale, and depths m Rhenish feet, the Rhenish foot 
being 1*029722 English foot. 

Observations were first taken, at intervals not exceeding 100 feet, from the 
depth of 100 feet to that of 4042 feet, the temperature observed at the former 
depth being 11°, and at the latter 38°*5 ; but all these observations, though 
forming in themselves a smooth series, were afterwards rejected, on the 
ground that they were vitiated by ciiculation of water and consequent con- 
vection of heat. 

It has often been supposed that though this source of error may affect the 
middle and upper parts of a bore, it cannot affect the bottom ; but the Speren- 
berg observations seem to prove that no such exemption exists. When the 
bore had attained a depth of nearly 3390 feet, with a diameter of 12 inches 
2 lines at the bottom, an advance-bore of only 6 inches diameter was driven 
17| feet further. A thermometer was then lowered halfway down this 
advance-bore, and a plug was driven into the mouth of the advance-bore so 
as to isolate the water contained in it from the rest of the water above. After 
twent\ -eight hours the plug was drawn and the thermometer showed a tem- 
perature of 36°*G. On the following day the temperature was observed at the 
same depth without a plug, and found to be 33°*t>. Another observation with 
the plug was then taken, the thermometer (a fresh instrument) being left 
twenty-four hours in its position. It registered 3fi°*5, and again, without 
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plugging, it gave on the same day 33°*9. It thus appears that the effect of 
convection was to render the temperature in the advance-bore 3° It. too low. 

Apparatus was then employed for isolating any portion of a bore by means 
of two plugs at a suitable distance apart, with the thermometer between them. 
This operation was found much more difficult than that above described ; but 
in several instances it gave results which were deemed quite satisfactory ; 
while in other instances the apparatus broke, or the plugging was found im- 
perfect. The deepest of tho successful observations by this method was at 
2100 feet, and the shallowest was at 700 feet. The first 444 feet of the bore 
were lined with iron tubes, between which the water had the opportunity of 
circulating even when the innermost tube was plugged ; hence the observations 
taken in this part were rejected. 

All the successful observations are given in the third column of the follow- 
ing Table, subject to a correction for pressure ; and, for the sake of showing 
the error due to convection in the ordinary mode of observing, the tempera- 
tures observed at tho same depths when no plugs were used are given in the 
second column : — 


_ 

Depth m [ 
feet. 

Temperatur 

Without 

plugging 

e Reaumur. 

With 

plugging. 

Difference. 

. _ 


o 

o 

o 

700 

16 08 

17 06 

0-98 

000 

17'18 

18-5 

1 32 

1 too ; 

19 08 

20-8 1 

1-72 i 

| 1000 

20 38 

21 1 

0 72 

i 1500 

2208 

22 8 

0 72 

: i7oo 

22 9 

242 

1 3 

1 1900 

24 8 

25 9 

1 1 

1 2100 

26 8 

28 0 

1-2 

.3590 

34 T 

36 15 

2 05 


These temperatures are not corrected for pressure, but they are corrected 
for rise of zero in the normal thermometer ; and this last circumstance 
explains tho difference of 0*4 between the tempeiature 30°*15 here given and 
3(>° # 55, which is the mean of the above-mentioned observations at the depth 
of 331)0 feet . 

Another proof of the injurious effect of convection was obtained by com- 
paring the observed temperatures (without plugging) in the first 400 feet of 
the great here, designated Bore I., with the temperatures observed at the 
same depths during the sinking of another bore, designated Bore II., near it, 
tho observations in this latter being always taken at the bottom. The fol- 
lowing w r crc the results : — 

Temperature 


Depth in 
feet . 

13ore I. 

u 

Bore II. 

o 

100 

11-0 

9-0 

200 

11-6 

10*4 

300 

12-3 

11-5 

400 

13-0 

12*5 


The temperature at the depth of 100 feet in the great bore thus appears 
to have been raised about 2° R. by convection. 

The following is a Table of the successful observations, corrected for 
pressure : — 



206 


REPORT — 1876 . 


Depth in 

Rhenish 

feet. 

700 

Temperature 

Reaumur. 

o 

17-275 

900 

18-780 

1100 

21-147 

1300 

21-510 

1500 

23-277 

1700 

24-741 

1900 

20-504 

2100 

28*068 

3390 

37-238 


Assuming, with Herr Hunker, the mean temperature of the surface to be 
7° , 18, which is the mean annual temperature of the air at Berlin, we have 
the following increments of temperature with depth : — 


Depths in Rhenish 
feet. 

Increment 
of depth. 

Increment of 
temperature. 

Increase 
per 100 feet . 
deg. Reau. 

Increase 
per 100 feet : 
deg. Fahr. 



o 

o 

o 

0 to 700 

700 

10 095 

1 442 

3 24 

700 to 900 

200 

1 505 

752 

1 09 

I 900 to IPX) 

200 

2 307 

1 184 

2 00 

t 1100 to 1300 

! 200 

0 303 

1 182 

! 41 

i 1300 to 1500 

1 200 

1 707 

884 

i 1 99 

! 1500 to 1700 

| 200 

1 104 

•732 

1 05 

; 1700 to 1900 

1 200 

1 703 

•88 2 

! 1 98 

| 1900 to 2100 

| 200 

2 104 

1 082 

I 2 43 

; 2100 to 3390 

i 

j 1290 

8 570 j 

•00*1 

1-49 

I 0 to 3390 

i 

, 3390 

30 058 ! 

887 

2 00 


The mean rate of increase found by comparing the temperatures at the 
surface and 3390 feet is exactly 1° Fahr. for 50 Rhenish or 51*5 English 
feet. 

The numbers in the last two columns exhibit upon the whole a diminu- 
tion with increase of depth ; in other words, the temperature increases less 
rapidly as we go deeper down. As regards the first 700 feet, which exhibit 
a decidedly more rapid rate than the rest, it must be remembered that nearly 
half of this distance was in a different material from the rest of the bore, 
being in gypsum with some anhydrite, while all the rest w as in rock-salt. 
Prof. Herschel has found, in recent experiments not yet published, that the 
eonductrv ity of rock-salt is exceedingly high ; and theory show's that the 
rates of increase, iu superimposed strata, should be inversely as their conduc- 
tivities. We may therefore faiily attribute the rapid increase in the first 
700 feet to the relatively small conductivity of the portion (283 feet) which is 
not rock-salt. The slow rate of increase observed in the long intcrvul betw een 
the depths of 2100 and 3390 feet is not so easily accounted for ; we can only 
conjecture that this and the other inequalities which the above Table pre- 
sents, for depths exceeding 700 feet, are due to fissures or other inequalities 
in the rock which have pot been put in evidence. 

With the view of summing up his results in small compass, Herr Dunker 
has assumed the empirical formula — 

t = 7*18 + ax -f- bx* 9 
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t denoting the temperature (Re'aumur) at the depth x (Rhenish feet), and 
has computed the most probable values of a and b by the method of least 
squares. He finds 

« = *0129857 b = - *00000125791, 

the negative sign of b indicating that the increase of temperature becomes 
slower as the depth increases. 

A paper by Prof. Mohr, of Ronn, as represented by an abstract published 
in ‘ Nature ' (vol. xii. p. 545), has attracted attention from the boldness of its 
reasoning in reference to the Sperenberg observations. Prof. Mohr, however, 
does not quote the observations themselves, but only the temperatures calcu- 
lated by the above formula, which he designates, in his original paper (* Neues 
Jahrbuch fur Minoralogie,’ &c., 1875, Heft 4), “ the results deduced from the 
observations by the method of least squares.” In the abstract in * Nature ’ 
they are simply termed u the results of the thermometric investigation of the 
8perenbcrg boring,” a designation which is still more misleading. 

Attention is called to the circumstance that the successive increments of 
temperature for successive equal increments of depth form an exact arith- 
metical progression, as if this were a remarkable fact of observation, whereas 
it is merely the result of the particular mode of reduction which was adopted, 
being a mathematical consequence of the assumed formula — 

t =s 7*18 -f ax -f bx 2 . 

The method of least squares is not responsible for this formula, but merely 
seivos, after this foimula has been assumed for convenience, to give the best 
values of a and b. 

Herr Hunker, in his own paper, lays no stress upon the formula, and gives 
a caution against extending it to depths much greater than those to which 
the observations extend. Writing to Prof. Everett under date April, 1870, 
he requests that, in tho summary of his results to be given in the present 
Report, the formula should either he suppressed or accompanied by the state- 
ment that its author reserves a different deduction. 

The following arc the differences between the temperatures computed by 
the formula and tho observed temperatures : — 

Difference (computed 


Depth. minus observed). 

700 —1*621 

900 -1*931 

1100 -1*204 

1300 + 0*427 

1500 -f 0*553 

1700 + 0-S82 

1900 4-0*811 

2100 4-0*238 

3390 -0*482 


The necessity of adopting some means to prevent the circulation of water 
in bores has for some time been forcing itself upon the attention of your 
Committeo. Many of the observations taken by their observers have con- 
tained such palpable evidence of convection as to render them manifestly 
useless for the purpose intended ; and in the light of the Sperenberg experi- 
ments it is difficult to place much reliance on any observations taken in deep 
bores without plugging. Tho selection of a suitable form of plug is now 
occupying the careful attention of your Committee. 
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Herr Dunkois paper gives a very full account of the different kinds of plug 
employed at Sperenberg. 

JFor stopping the mouth of the advance-bore the plug had a tapering shape, 
and was of hard wood, strengthened by two iron rings, one at each end, and 
covered with a layer of tow 5 lines thick, outside of which was thick and 
strong linen, nailed above and below to the wood through a leather strap. 
It was lowered into its place by means of the iron rods used for boring ; and, 
w r hen in position w r as pressed home by a portion of the w r eight of the rods. 
The plug carried the thermometer suspended from it. Its extraction w r as 
commenced by means of a screw on the beam of the boring-machine, in order 
to avoid a sudden jerk, which might have broken the thermometer. The force 
which w T as found necessary for thus starting the plug, as well as the impres- 
sion observed upon it w r hen withdrawn, showed that it had fitted tight. To 
insure a good fit, the top of the advance-bore had been brought to a suitable 
shape, and its inequalities removed, by means of a revolving cutting-tool. 
Herr Danker remarks that this plan is adapted to a soft material like rock- 
salt, but that in ordinary hard rock it w ould be better to make the bottom of 
the main bore flat, and to close the advance-bore by an elastic disk pressed 
over it. The method of observation by advance-bores can only be employed 
during the sinking of the bore, a time when it is difficult to avoid error arising 
from the heat generated in boring. The expense of making an advance- 
bore at each depth at which an observation is required is also an objection to 
its use. 

Another kind of plug devised by Herr Dunker, and largely used in the 
observations, consisted of a bag of very stout india-rubber (0 millimetres 
thick) filled with water, and capable of being pressed betw'een two wooden 
disks, one above and the other below it, so as to make it bulge out in the 
middle and fit tightly against the sides of the bore. On the suggestion of 
bore-inspector Zobel, the pressure was applied and removed by means of 
screwing. Tw o steel springs fastened to the upper disk, and appearing, in 
Herr Dunker’s diagram, very like the two halves of a circular hoop distorted 
into an oval by pressing against its walls, prevented the upper disk from 
turning, but offered little resistance to its rising or falling. The lower disk, 
on the contrary, was permitted to turn, both disks w T ere carried by the 
iron boring-rods. Rotation of these in one direction screwed the disks 
nearer together, and rotation in the other direction brought them further 
apart. The india-rubber bag could thus be made to swell out and plug the 
bore when it w r as at the desired depth, and could be reduced to its oiiginal 
size for raising or lowering. In order to prevent the boring-rods from be- 
coming unscrewed one from another, when rotated backwards, it was neces- 
sary to fasten them together by clamps, a rather tedious operation in working 
at great depths. 

In taking observations at other points than the bottom, two of theso plugs 
were employed, one above and the other below the thermometer. 

In some of the experiments, the apparatus was modified by using linen 
bags filled with wet clay, instead of india-rubber bags filled with water; 
and, instead of screwing, direct pressure w as employed, the lower disk being 
supported by rods extending to the bottom of the bore, wffiile the upper disk 
could be made to bear the whole or a portion of the weight of the rods above 
it. Some successful observations were obtained with both kinds of hag ; but 
the water-bags were preferred, as returning more easily to their original size 
when the pressure was removed, and consequently being less liable to injury 
in extraction. In some observations since taken in another place (Suden- 
berg), Herr Dunker states (in the private lotter above referred to> that 
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india-rubber bags, filled with water, and pressed, not by screwing, but by 
the weight of the rods, were employed with much satisfaction. 

All the methods of plugging employed by Herr Dunkcr involved the use 
of the iron rods belonging to the boring-apparatus, and therefore would bo 
inapplicable (except at great expense) after the operation of boring is finished 
and tho apparatus removed. 

It seems desirable to contrive, if possible, some plug that can be let down 
and raised by a wire. In the first report of your Committee, it w*as suggested 
that two bags of sand, one above and the other below the thermometer, 
should be used for this purpose. Bags of sand, however, would be liable to 
rub off pieces from the sides of the bore, and thus to become jammed in 
drawing up. Mr. Lebour has devised a plug which will be of small diameter 
during tho processes of lowering and raising, but can be rendered large and 
made to fit the bore, when at tho proper depth, by letting down upon it a 
sliding weight suspended by a second wire. Sir \V. Thomson suggests that 
a series of india-rubber disks, at a considerable distance apart, will pro- 
bably bo found effectual. 

Mr. Boot has continued his observations in tho bore which he is making 
at Swinderby, near Scarle (Lincoln). It has now been carried to the depth 
of 2000 feet, and is in earthy limestone or calcareous shale, of Carboniferous 
ago. Its diameter in the lower part is only inches. In April last the 
temperature 78° F. was observed at 1950 feet ; and more recently 79° F. 
was observed at 2000 feet — the water, in each case, having been undisturbed 
for a month. Supposing these results not to be vitiated by convection, and 
assuming the mean temperature at the surface to be 50°, wo have an increase 
of 29° in 2000 feet, which is at the rate of 1° in 69 feet. 

Mr. Symons lias taken a series of observations at the dopth of 1000 feet in 
the Kentish-Town well, with the view of determining whether the tempe- 
rature changes. The instrument employed is a very large and delicate 
Phillips’s maximum thermometer. The following is a list of tho obser- 
vations : — 


r 

j Date of lowering. 

i 

Depth 

indicated. 

Thermo- 
meter 
set at 

Date of 
raising. 

Depth 

indicated. 

Temperature 

Fahr. 

1 


feet. 

o j 



feet. 


1 1874, ~ 


1000 

64 50 | 

1874, May 

8 

1007 

66 82 

May 

8 

1000 

03-80 1 

July 

o 

1(X)9 

(reading lost.) 

July 

2 

1000 

<53 20 

July 

28 

1005 

67*40 

July 

28 

1000 

65-10 

Sept. 

8 

1004 

67*51 

Sept. 

8 

1000 

65 80 

Sept. 

29 

1004 

67*4,3 

Sopt. 

29 

1000 

65-81 

Oct. 

30 

1006 

67 08 

Oet. 

JO 

1000 

63-40 

Dec. 

3 

1006 

67 52 

| Dec. 

3 

i 1000 

63 80 , 

1875, Jan. 

7 

1009 

67 <13 

1875, Jan. 

7 

1000 

63 75 

Feb. 

1 

1 1000 

67 V> 

Feb. 

l 

1000 

63 90 

Mar. 

3 

1005 

67*58 

Mar. 

3 

1000 

03-90 

May 

3 

1006 

67*62 

May 

a 

1000 

6.3 95 ! 

June 

1 

1005 

67*49 

, J une 

i 

1000 

63-00 1 

July 

7 

1005 

67*53 

1 J uly 

7 

1000 

6.3-87 j 

Aug. 

3 

1004 

67 58 

Aug. 

3 

1000 

0.3-87 | 

Sept. 

10 

1004 

67*58 ; 

Sept. 

10 j 

1000 

64 00 

Oct. 

2 

100.3 

67 58 

Oct. 

2 ! 

1000 

6.3 90 i 

Oet. 

19 

1004 

67 62 

Oct. 

io ; 

1000 

03*80 j 

Nov. 

1 

1005 

67 62 

Nov. 

1 1 

1000 

63 70 

Dec. 

1 

Wir 

e broke. 


1876. 
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The “ depth indicated ” is shown by a measuring wheel or pulley, over 
which the wire runs by which tlio thermometer is raised and lowered, as 
described, with a diagram, in tho Report for 1869. The above Table shows 
that there is always some stretching, real or apparent, in tho interval be- 
t ween lowering tho thermometer and raising it again. Recent observations, 
by means of a fixed mark on the wire, havo shown that the change is not, 
in the main, a permanent elongation, but an alternation of length. It is 
probably duo in part to tho greater tension which the wiro is under in rais- 
ing than in loworing, a circumstance which will cause a temporary differ- 
ence of length variable with the rapidity of winding up ; also in part to the 
circumstance that the wire is warmer when it has just loft the water than 
when it is about to be let down. Borne portion of the irregularity observed 
may be due to variations of temperature in that part of the well (210 feet) 
which contains air. Tho observations, taken as a whole, show that any 
variations of temperaturo which occur in this well at tho depth of 1000 feet 
are so small as to be comparable with the almost inevitable errors of ob- 
servation. The observations will be continued at intervals of six months, 
with additional precautions, and with an excessively slow (specially con- 
structcd) n.Mi-roi'i-lcimg thermometer, in addition to the maximum ther- 
mometer hitherto employed. . 

Through the kindness of tho eminent geologist M. Delessc, of the Ecolc 
Normale at Paris, observations have been obtained from tho coal-mines of 
Anzin, in the north of Prance. They were taken under the direction of 
M. Marsilly, chief engineer of these mines. Maximum thermometers oi 
the protected Negretti pattern were inserted in holes bored horizontally to 
the depth of hi or *7 of a metre in the sides of shafts which were in pro- 
cess of sinking, and in which there was but little circulation of air. A 
quarter of an hour was allowed to elapse in each case, after tho boring ol 
the hole, before the thermometer was inserted and the hole plugged, hour 
different shafts were tried. Those designated as Nos. I., 11., Ill* were in 
the mine Chabaud La Tour, and No. IV. was in the mine Rcnard. 

In shaft I. observations were taken at eight different depths, commencing 
with the temperature 5f>j° F. at a depth of 88*5 metres, and ending witli 
L)7 x l° P. at 200 ’.5 metres. 

In shaft II. there were observations at four depths, commencing witli 
55° at *>7*8 ni., .and ending with 68j° at 185 m. 

In shaft III. there were observations at three depths, commencing with 
50° at 87-8 m., and ending with (>2£ J at 144 m. 

These three shafts, all belonging to the same mine, were very wet, and 
the temperature of the air in them was 1 1° or 12° (52° or 54° F.). 

In shaft [V., which was very dry and had an air temperature of about 
15° (59 J P.), observations were taken at six depths, commencing with 

70^ F. at 21*2 m., and ending with 84° F. at 184*8 m. 

The mean rates of increase deduced from these observations are : — 


Shaft 

I., i 

r F. 

in 14*4 

m., 

or in 

47-2 feet. 

11 

11m 


1 1 *5 

m.. 

a 

87'7 

a 

71 

nr., 

it 

H*f>5 

m , 

a 

28*4 

a 

ii 

IV., 

i* 

8*57 

m., 

a 

28*1 

19 


Tho observer mentions that in shaft II. there was, at a depth of 90 m., a 
seam of coal in which heat was generated by oxidation; but no such 
remark is made with respect to any of tho other shafts, although it is 
obvious that some disturbing cause has rendered the temperature in shaft 
TV. abnormally high. Possibly the heat generated in boring tho holes for 
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the thermometers in this shaft (which was dry) has vitiated the observations, 
the instruments employed being maximum thermometers. Two of the slow 
non-registering thermometers mentioned in last year’s Report have been 
sent to M. Delesse, to be used for verification. 

The slow-aetion thermometers are constructed on the following plan : — ■ 
The bulb is cylindrical and very strong, and is surrounded by stearine or 
tallow, which fills up the space between it and a strong glass shield in 
which the thermometer is inclosed. The shield is not hermetically sealed 
(not being intended for protection against pressure), but is stopped at the 
bottom with a cork, so that the thermometer can be taken out and put in 
again if desired. Stearine and tallow were selected after trials of several 
substances, including paraffin-wax, bees’-wax, glue, plaster of Paris, pounded 
glass, and cotton-wool. The thermometers are inclosed in copper cases 
lined with india-rubber. When placed, without these cases, in water dif- 
fering 10° frbm their own temperature, they take nearly half a minute to 
alter by one tenth of a degree. 

In concluding this Report, your Committee desire to express their regret 
at the losses which they have sustained by the deaths of Prof. Phillips, Sir 
Charles Lycll, and Col. Strange, of whose valuable services they have been 
deprived within the last three years. 


Nitrous Oxide in the Gaseous and Liquid States . 

By W. J. Janssen. 

[A communication ordered by the General Committee to be printed in extensa.] 

The experiments of Faraday on the liquefaction of gases have already proved 
that gases at the ordinary conditions of pressure and temperature are vapours 
at a remote stage from their points of condensation. If several gases sub- 
mitted to great pressure and the cold of the carbonic acid and ether bath 
did not exhibit any appearance of liquefaction, the cause is probably that 
Faraday did not obtain a temperature low enough to produce liquefaction. 
Henco we may conclude that the gaseous and liquid states of matter depend 
only on the temperature and pressure to which it is exposed. The interest- 
ing experiments of J)r. Andrews with carbonic acid (Philosophical Trans- 
actions for 1809) not only verified this conclusion, but gave the important 
result that gases and liquids are distant stages of the same condition of 
matter, which may pass into one another without breach of continuity. The 
temperature at which matter, without sudden change of volume or abrupt 
absorption of heat, passes from the ordinary liquid to the oidinary gaseous 
state is called by I)r. Andrews the critical point ; above that temperature a 
gas never can be liquefied by pressure, it behaves like a permanent gas; 
below that temperature it will be liquid or gas, or more exactly liquid or 
vapour, according to the pressure to which it is exposed. For the details I 
refer to the above-mentioned paper. 

I have made the same kind of experiments with nitrous oxide, a gas whose 
physical properties agree much with those of carbonic acid. The apparatus 
was similar to that used by Dr. Andrews, to whom I am much indebted for 
tho great kindness with which he has afforded me every instruction, and for 
his invaluable advice about the use of his apparatus during my stay at Belfast 
and afterwards. 

r 2 
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As my experiments with nitrous oxide presented anomalies which did not 
occur with carbonic acid, I first made some experiments with the latter gas, 
in order to try whother they were to be ascribed to observational errors or to 
the nitrous oxide I used. The results are given in the following Tables, 
where $ is the fraction representing the ratio of the volume of the air after 
and before compression to one another at the temperature t, e the correspond- 
ing fraction for the carbonic acid at the temperature and l the number of 
volumes which 17,000 volumes of carbonic acid, measured at 0° and 700 
millims., would occupy at the temperature and pressure of the observation. 
The number 17,000 has been taken as unit to compare those Tables with 
those of Andrews. 


Table I. — Carbonic Acid at 21°-45 C. 



t. 

, I 


l - 

1 

58*70 

3318 

I 

1 ! 

105*70 

21-44 

173-6 

1 

69-;<i 

13-18 

1 

11>20 

21-47 

102-1 

1 

60-02 

12-20 

1 

164 20 

21-41 

111*7 

1 

6111 

32-20 

1 

350 40 

21-49 

52-4 

1 

62-16 

12-40 

427*13 

21*50 

42-9 

Table II. — Carbonic Acid at 31°-15 C. 


/. 

€. 

r. 


64 52 

0 

10-51 

1 

1”9’20 

31-20 

173-0 

1 

67*62* 

1 (>•<><] 

124 -<6 

31-12 

152-4 

1 

*69-43“ 

10-60 

132*79 

31-19 

142-8 

1 

*70-60* 

10-40 

1 

110-21 

31-13 

135-2 

1 

i 72*06 

10-97 

1 

155 76 

31-11 

121-7 

1 

73*36 

10-30 

1 

HS'll 

31-18 

112-8 

74*60 

10-52 

1 

200 69 

31-14 

91-7 

1 

75*20 

10-Go 

1 

293-37* 

31-13 

G4-6 

_i _ 

• 78-StT 

10*30 

j 

l 

370-84 

31-19 

51-1 

¥4-4*6* 

! 10-30 

1 

1 

397*70 

31-15 

47-4 
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These results agree closely with the experiments of Dr. Andrews at the cor- 
responding temperatures, the differences being only 0*2 of an atmosphere. At 
21°*47 the gas passed into the liquid state at a pressure of 59*8 atmospheres, 
whilst its volume had diminished from 17,000 to 162 ; with Dr. Andrews 
this pressure amounted to 60*05 atmospheres, and the corresponding volume 
of the carbonic acid to 160. As the quantity of air in my case was about 
of the entire volume of the gas, the increase of pressure to liquefy the 
whole after liquefaction had begun, amounted to about 2-4 atmospheres, viz. 
from 59*81 to 62*18. The critical temperature I found to be 30°*87. It 
will be observed that the pressures arc those indicated by the apparent con- 
traction of tho air in the air-tube. 

In tho following Tables S and e have the same meaning as before, but ap- 
plied to nitrous oxide : l , however, represents the numbor of volumes which 
1000 volumes of nitrous oxide, measured at 0° and 760 millims., would oc- 
cupy at the temperaturo and pressure of the observation. The experiments 
were made at the temperatures of 25°*15, 3 2°*2, 36°*4, 38°*4, and 43°*8, two 
series below, .and three above, the critical point, which was found to vary 
between 36°*3 and 3G°*7. The appearances were the same as with carbonic 
acid. 


‘Table 1. — Nitrous Oxide at 25°*15. 


t. 

i 

e. 

t'. 

l 

1 

51*50 

! o 

5 31 

1 

7*97 

25-09 

13*83 

1 

56 l'o' 

5-26 

1 

y."> oi 

25-11 

11*50 

l 

67-83* 

1 

5-73 

l 

1 US-50 

25-10 

10*56 

1 

59*44 

1-08 

1 

ite-uo 

25-19 

7-44 

1 

60 76* 

4*98 

1 

me 6u 

25*19 

5-04 

l 1 

east* 

1 

1-98 

! 

l 

302-2U 

25-19 

3*61 

so ! 

4-55 

1 

348-81 

25-19 

1 

3*10 

__L_ , 

7o 5) 

5u2 

1 

304-73 i 

2514 , 

2*77 

1 1 

72\0" 1 

| 

4*08 

i 

25-19 j 

2- 65 

l 

"7 J&T 

4-98 

1 

419-16 

25-19 | 

2-61 

1 

'7604 

442 

l 

425-21 i 

25-19 1 

2*57 

l ! 

'84-65 

4-16 

1 

1 

4US6 

25-19 

253 
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Table II. — Nitrous Oxide at 32°-2, 



t 

€. 

t\ 

/. 

1 

8-07 

1 

32-17 

18-62 

45-11 

eo-n 

1 

47 85 

7-53 

l 

65 24 

32-28 

17-16 

1 

51*29 

0-82 

1 

72-73 

32-21 

15-39 

i 

55*70 

5-49 

1 

84-53 

32-18 

13-24 

1 

5-39 

l 

32-21 

12-41 

57-51 

90-19 

1 

15221' 

5*11 

1 

1071L 

32-21 

10-42 

1 

64 86 

5-26 

I 

118*37 

32-19 

9-45 

1 

67-4o 

6*50 

1 

133-63 

32*28 

8-07 

_ 1 

67 65 

5-63 

1 

140-70 

32-20 

7-95 

1 

6813 

4-30 

1 

166-60 

32-29 

6-71 

l 

69*92' 

4-30 

1 

211 15 

32-23 

5-23 

1 

72*«7' 

4-30 

l 

277*05 

32-21 

404 

1 

76 29 

4-3U 

1 

315 91 

32-20 

3-23 

1 

bo ff 

4* 95 

I 

330 93 

32-21 

2-93 

l 

*64-09 

4-31 

1 

| 390 02 

32-21 

*7 

GO 

1 

85 92* 

4-31 

1 

102 09 

32-23 

2-78 

1 

91 31 

4*3 i 

1 

112*21 

32-21 

2-71 

94’50 

4-30 

415*13 

3211 

2G7 

l 

101 02 

7-39 

l 

12503 

32-46 

2-64 

117*04 

7-73 

I 

443 16 j 

32-48 

2-52 

i 
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Table IV. — NitrouB Oxide at 3S°-4. 



t . 

6. 

t'. 

/. 1 

! 

1 

56-J4 

5-72 

1 

78-79 

38*30 

1 1*40 

i 

70-86* 

6-48 

1 

181-56 

28-38 

8*00 , 

l 

7S-49 

4-61 

1 

145-36 

38*36 

7-85 ! 

! 

1 

7513 

6*50 

1'60 : 56 

38-37 

7-U 

1 

76 if 

4*35 

l 

1 76*53 

38-39 

6-47 

! 

1 

77 00 

6*50 

1 

201*11 

38-37 

1 

5-07 ; 

1 

1 70-19' 

4*80 

224“04 

38-45 

5-08 

1 

8210 

4-85 

I 

302-81 

38-42 

3-77 

1 

8468 

4-08 

1 

336 07 

38*40 

3-39 

1 

87 13 

0-19 

l 

; 358-V6 

j 

1 38*33 

i 

3-20 

1 

99 59 

743 

1 

106-72 

33-31 

| 2-87 

l 

111-87 

8-22 

1 

410-31 

38-40 

2-72 j 

1 

122-30 

7-99 

1 

4 i2*0l 

33-35 

2-64 | 

1 

152-87 

8-19 

1 

4CO-87 

33-30 

2-48 

31 ~ 

sd 

5-84 

1 

461*18 

i 

38-55 

2-47 ■ 
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Table V. — Nitrous Oxide at 43°*8. 



t 

e. 

t'. 

1 

1 

65 29 

5*91 

1 

1 

100-72 

43*81 

11*54 

1 

76 i.j 

018 

1 

. i_ 
1270 s 

43*90 

9*10 

1 

1 80*s:f 

0*45 

j 

1 

170 oi 

48-80 

C-81 

1 

84 37 

8-80 

1 

209 33 

43*81 

5*55 

1 

’90 05* 

7*09 

1 

289-11 

43*76 

4-02 

1 

91-40 

7*55 

1 

229*59 

43*88 

3*52 

l 

ioa 

7*61 

1 

375*16 

43-71 

3*09 

i 

W : bl 

7*79 

1 

416-19 

0. 

2*79 


Comparing these results for nitrous oxide with those for carbonic acid found 
by Dr. Andrews, we find the compressibility of the two gases nearly the same 
at temperatures equidistant from their critical points. At the temperature of 
25°*16, liquefaction begins under a pressure of f> 7*83 atmospheres ; at 32°*28, 
the gas passes into the liquid state under a pressure of 67*45 atmospheres : at 
this point a great diminution of volume occurs, but not abruptly as in the case 
of carbonic acid ; this must be ascribed to the presence of a greater quantity 
of a permanent gas in the nitrous oxide. 

In the liquid state, nitrous oxide yields as much to pressure as carbonic 
acid ; the rate of expansion by heat will be therefore very great. This is a 
confirmation of the results of l)rion (Ann. de Chim. et de Phys. t. lvi. p. 37), 
that the coefficient of expansion of volatile liquids at a temperature still below 
the critical point grows equal to the coefficient of expansion of gases and in- 
creases further, till at the critical point it may attain to a valuo any number 
of times greater than that of air. 

At temperatures above the critical point, the volume of nitrous oxide 
diminishes with tolerable regularity with increase of pressure, though much 
faster than according to tho law of Boyle ; the higher the temperature the 
more the compressibility approaches to that of a perfect gas. When the gas 
is reduced to the volume at which it might he expected to liquefy, no trace 
of liquid is to bo seen, the whole mass of the gas remaining homogeneous ; 
but a rapid diminution of volume occurs from a small increase of pressure : 
this diminution of volume is not abrupt as in the caso of liquefaction, and 
diminishes greatly at higher temperatures. 

The anomalies presented by nitrous oxide were : — 

1. Under a given pressure and temperature the volume of the compressed 
gas is variable, or vice vend. This anomaly is very obvious in that condition 
of matter where a rapid diminution of volume occurs at a small increase of 
pressure ; under a given volume of the gas the difference of pressure can 
amount hero to 2 atmospheres, in tho other cases this difference is very 
slight, about 0*2 to 0*4 of an atmosphere. This appears from the following 
results : — 
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d . 

t . 

l 

f . 

l 

1 

44*97 

8-26 

1 

62*55 

25-01 

17-46 

1 

45-2T 

7-13 

1 

62*64 

25*00 

17-44 

1 

51*39' 

8-47 

i 

1 

78 99 

25-09 

13-83 

1 

5159' 

4-19 

1 

78*94 

25-09 

13-84 

1 

51*62 

3-87 

1 

78*98 

25*00 

13-83 

1 

55*72 

10-37 

1 

91*12 

25-21 

11-62 

1 

56*01 

8-20 

1 

9120 

25-30 

11-61 

1 

78*41' 

5-14 

1 

309*64 

30-35 

3-66 

1 

78*80 

4-66 

1 

309*03 

36-37 

3-67 

1 

89*06 

8-67 

1 

383*51 

36-40 

2-96 

9021" 

4-98 

1 

333*67 

30-40 

2-96 

l 

100*12 

7 71 

411 56 

36-42 

2-76 

1 

102 05 

7-07 

1 

41183 

30-35 

2-75 

1 

70*72 

7-43 

1 

131*54 

38-37 

8-68 

1 

Tf-of 

i 

5-43 

1 

131*57 

38-40 

8-68 

1 

77*25" 

5-79 

1 

205*05 

38-29 

5-56 

1 

77*75 

8-37 

1 

205*09 

38-35 

5-56 

1 

78*06, j 

i 

4-81 

1 

197*13 | 

38-40 

5-79 
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2. The pressure required to liquefy the nitrous oxide and the volume of 
this gas at the beginning of liquefaction are variable. 

The pressure required to liquefy the gas at 25°*15, recorded in Table L, is 
the mean of the following observations ; — 



t. 

f. 

t\ 

l 

1 

58*70 

4-57 

i 

108*0(5 

25-17 

10-11 

1 

57*95 

4*93 

1 

104*03 

2518 

10-51 

1 

57 8a 

4-38 

1 

103-68 

2519 

10-54 

1 

67*78 

4-34 

1 

102-35 

2519 

10-68 

1 

57*29 

8*65 

1 

10101 

25-09 

10-81 

1 

57*42 

7*54 

1 

101-84 

25-19 

10-74 


The following series of experiments was performed in the course of a 
day:— 



t 

c. 

t\ 

L 

1 

68*86 

0 

7-84 

1 

111-36 

25-34 

9*82 

1 

58 75 

7-5!) 

1 

107-82 

25-24 

1014 

l 

59*16 

7-51 

1 

109-07 

25-57 

10 03 

1 

57-53 

7*82 

1 

101 *40 

25-23 

10-78 

i 

57*57" 

8-47 

1 

103-52 

25-40 

1 

10-57 

1 

5785 

8*40 

1 

103-35 

25-24 

10-58 

I 

57*0 

8-41 

1 

103*35 

25-30 

10-58 

JL. i 

58*12 1 

8-41 

1 

104-30 

25-39 

30*49 

1 j 

57*10 ! 

8-44 

1 

f03*00 

25-35 

10-61 

1 


At 32°*2 the greatest difference of pressure amounted to 2 atmospheres, as 
appears from the next series of experiments. 
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I , 

1 

€. 

r. 

1 * 1 

j ; 

1 

60*93“ 

! o 

1 (H)6 

-J- 

l.M 09 

32*21 

i 

j 8*35 

1 

63-91 

| 5*67 

_A. 

157*;*0 j 

32*21 

! 7-12 

1 

67*85 

i 

1 5*7 5 

i uvfi 

32*21 

' 7-89 

1 

07*79 

7-13 

i ; 

139*07 ! 

32*61 

8-05 j 
i 1 


3. After liquefaction has begun an increase of pressure of 16 atmospheres 
or more is required to liquefy the whole mass of the nitrous oxido ; for at 
25°*17 liquefaction began at a pressure of 57*83 atmospheres, whilst the 
whole was liquid at a pressure of 73*68 atmospheres. At 32°*2 I found the 
commencement of liquefaction at a pressure of 67*63 atmospheres, and the 
termination at a pressure of 84*09 atmospheres. For carbonic acid, that was 
mixed with to of air, the increase of pressure amounted to 1*5 at- 
mosphere. Had the gas been pure no increase of pressure could have oc- 
curred. This shows that a greater quantity of a permanent gas must bo 
mixed with the nitrous oxide ; the variations of the volume of the gas under 
a given pressure and temperature result perhaps from its whole mass not 
being homogeneous, as the diminution of the volume is too fast to allow a 
perfect diffusion of the two gases. 

The gas used for these experiments was prepared from pure nitrato of am- 
monium. The salt was carefully heated in a tin bath in order to prevent any 
decomposition of the liberated gas by a too irregular heating when directly 
exposed to a flame. It was washed by transmission tbrougli a strong solu- 
tion of caustic potash and dried over sulphuric acid. The caustic potash de- 
composes any solid particles of the salt that might be carried over mechani- 
cally and retains the nitric acid, whilst the free ammonia is absorbed by the 
sulphuric acid. Purified in this manner, the gas was made to pass through 
the glass tube wherein it was to be compressed. A pressure of about 90 to 
100 millims. of mercury was required to maintain a moderate current of gas 
through the capillary bore : this current was continued for five hours or more 
in order to ensure the complete removal of the air ; the capillary end was then 
sealed and the other end introduced under mercury. As the experiments 
with the tube filled in this manner indicated always the presence of a per- 
manent gas, I tried afterwards to remove the air by exhausting the tube with 
the air-pump and then to fill with the gas ; this operation was successively 
repeated from twenty to thirty times, hut with no other result. 

As I could not get the gas pure by heating nitrate of ammonium, I tried 
.o get it from liquid nitrous oxide as it is made in iron bottles in London ; it 
vas probable that the permanent gas would escape first and the nitrous oxido 
•emain pure. This, however, did not occur, and I got nearly the same result 
ts before. 

In order to prevent diffusion as much as possible, all the caoutchouc joints 
vere besmeared with a solution of tar and asphalt, and the current of gas 
ssued under sulphuric acid. The amount per cent, of this permanent gas 
vas determined in the following manner : — The absorption-tube of Bunsen’s 
ibsorptiometer was partly filled Under Water with nitrous oxido and then left 
tanding three days or longer. The whole of the gas was not absorbed ; 
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there remained a certain quantity, about ^ to of the entire volume, or 
about 3*5 to 5 per cent. 

This permanent gas cannot be nitric oxide nor oxygen ; for the current of 
nitrous oxide being made to pass successively through strong solutions of sul- 
phate of iron and of pyrogallate of potassium, these solutions did not change 
colour. 

The only known permanent gas that could be disengaged is nitrogen. It 
is a known fact that nitrate of ammonium, in presence of spongy platinum, is 
decomposed at 160° into nitrogen, nitric acid, and water ; the same decom- 
position of a part of the salt could have been effected by the asperities of the 
inner surface of the retort. This quantity of nitrogen would exert a con- 
siderable influence on the specific gravity of the gas. The theoretical specific 
gravity of pure nitrous oxide is 1*524 ; but being mixed with nitrogen to an 
amount of 3-5 to 5 per cent., it should be found much smaller, 1*504 to 1*496 
respectively. Thi3 result, however, does not accord with actual experiment. 
The specific gravity of nitrous oxide, prepared from nitrate of ammonium, 
was determined according to the method of Bunsen (‘ Gasom. Methoden/ von 
E. Bunsen) ; for that purpose 1 used a balloon of 200 cubic centims. Pour 
experiments gave the following results : — 1*531, 1*525, 1*529, and 1*527 : 
the mean value is 1*528, agreeing very well with the theoretical specific 
gravity of pure nitrous oxide, but giving a difference of 0 024 to 0*032 from 
the specific gravity that would have been found if the gas had been mixed 
with nitrogen. These differences are too largo to be accounted for by ex- 
perimental errors. 

An analysis of nitrous oxide was made according to a somewhat modified 
method of Franklarul and Ward. The hydrogen used in these experiments 
was obtained from the electrolytic decomposition of water, and the oxygen 
was generated by heating mercuric oxide. To ensure that the mercuric 
oxide is free from nitrogen, it must be prepared by precipitating corrosive 
sublimate with caustic potash. 

Three analyses of air gave the following satisfactory results : — 


Nitrogen 79*18 79*15 79*10 

Oxygen 20*82 20*85 20*90 


100*00 100*00 100*00 

The following are the results of the analysis of nitrous oxide : — 

I. Nitrous oxide obtained from the liquid nitrous oxide of an iron bottle . 

(1) Volume of nitrous oxide used 117*39 

Yolumo after the admission of hydrogen 263*62 

Volume after explosion 149*12 

Volume after the admission of oxjgen 206*88 

Volume after explosion 160*19 

Hence the volume of the hydrogen 146*23, the volume of the oxygen 
57*76, and the contraction after the Becond explosion 46*69. 

The remaining volume (160*19) is a mixture of only nitrogen and oxygen, 
where the amount of oxygen is 57*76— -t x 46*69=42*20 ; hence the volume 
of the remaining nitrogen 160*19—42*20 = 117*99. This volume is by 0*6 
larger than the volume of the nitrous oxide used ; hence the amount per 
cent, is 0*52. 

The amount of hydrogen that remained after the first explosion is § x 
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46*693=31*12; therefore the amount of hydrogen required to eoinUne Kith 
the oxygen of the nitrous oxide is 146*23— 31*12a»115*ll ; hence the 
volume of the oxygon contained in the nitrous oxide is equal to 57*55, 

differing by 1*96 per cent, from the calculated volume of oxygen, which is 
1^-58*69. 

Hence in 100 volumes of nitrous oxide we find:— 

By experiment. Calculated. 

Nitrogen 100*52 100 

Oxygen 49*02 50 

(2) Volume of nitrous oxido used 116*93 

Volume after the admission of hydrogen 266*20 

Volume after explosion 151*60 

Volume after the admission of oxygen 207*19 

Volume after explosion . 155*71 

Hence in 100 volumes of nitrons oxide — 

By experiment. Calculated. 

Nitrogen 100*38 100 

Oxygen 49*14 50 

(3) Volume of nitrous oxide used 126*42 

Volume after the admission of hydrogen 284*38 

Volume after explosion 160*55 

Volume after the admission of oxygen 217*53 

Volume after explosion 167*25 # 

Hence in 100 volumes of the gas — 

By experime it. JCalculated. 

Nitrogen 100*49 100 

Oxygen 49*22 50 

% 

(4) Volume of nitrous oxide used 149*39 

Volume after the admission of hydrogen 345*92 

Volume after explosion 199*65 

Volume after the admission of oxygen 326*34 

Volume after explosion 252*43 

Hence in 100 volumes of the gas — 

By experiment. Calculated. 

Nitrogen ...... 100*66 100 

Oxygen 49*28 50 

II. Nitrous oxide obtained by heating nitrate of ammonium, 

(5) Volume of nitrous oxide used 128*20 

Volume after the admission of hydrogen 297*05 

Volume after explosion 171*29 

Volume after the admission of oxygen 229*80 

Volume after explosion 166*58 

Hence in 100 volumes of the gas — 

By experiment. Calculate!. 

Nitrogen ...... 100*73 100 

Oxygen 49*42 50 
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(6) Volume of nitrous oxide used 123*33 

Volume after the admission of hydrogen 283*23 

• Volume after explosion 162*73 

Volume after the admission of oxygen 223-21 

Volume after explosion . 165*09 

Hence in 100 volumes of the gas — 

By experiment. Calculated.. 

Nitrogen 100*54 100 

Oxygen 49*12 50 

(7) Volume of nitrous oxide used 156*81 

Volume after the admission of hydrogen 343*27 

Volume after explosion 190*66 

Volume after tho admission of oxygen 265*66 

Volume after explosion 218*80 

Hence in 100 volumes of the gas — 

By experiment. Calculated. 

Nitrogen 101*66 100 

Oxygen 49*49 50 

(8) Volume of nitrous oxide used 147*50 

Volume after the admission of hydrogen 340*10 

Volume after explosion 196*15 

Volume after the admission of oxygen 290*78 

Volume after explosion 220*13 

Hence ^n 100 volumes of the gas — 

By experiment. Calculated, 

Nitrogen 101*05 100 

Oxygen 49*32 50 


m 


(9) Volume of nitrous oxide used 165*52 

Volume after the admission of hydrogen 363*19 

Volume after explosion 200*91 

Volume after the admission of oxygen 271*40 

Volume after explosion 221*67 


Hence in 100 volumes of the gas — 

By experiment. Calculated. 


Nitrogen 101*34 100 

Oxygen 49*69 50 


(10) Volume of nitrous oxide used 160*23 

Volumo after tho admission of hydrogen 357*88 

Volume after explosion 202*91 

Volume after the admission of oxygen 272*54 

Volume after explosion 211*27 

Hence in 100 volumes of the gas — 

By experiment. Calculated. 

Nitrogen 101*14 100 

Oxygen 48*94 50 

The only analysis of nitrous oxide I found in Bunsen’s * Gasom. Methoden 9 
is on page 56. Here Quincke gives the results of an analysis of nitric oxide, 
to which is added a measured quantity of nitrous oxide in order to eftet 
the explosion. 
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Volume of nitrio oxide used 20*99 

Volume after the admission of nitrous oxide . . 102*44 

Volume after the admission of hydrogen 233*90 

Volume after explosion 123*10 

Volume after the admission of oxygen 167*62 

Volume after explosion 122*08 

Hence we find, on the supposition that the nitrous oxide is pure, the 
amount of nitrogen and oxygen in the nitric oxido in 100 volumes : — 

By experiment. Calculated. 

Nitrogen 52 50 

Oxygen 47 50 

99 l00 

But, on the supposition that the nitric oxide is pure, this analysis gives re- 
sults according with my own. 

In 100 volumes of nitrous oxide we find — 

By experiment. Calculated. 


Nitrogen 100*98 100 

Oxygen 49*18 50 


The general result of these analyses is : — 

(1) The volume of the oxygen in the nitrous oxido is smaller than the 
volume of the nitrous oxide used by 0 G1 to 2*13 per cent. 

(2) The volume of the nitrogen is larger than the volume of the nitrous 
oxide used by 0*38 to 1*66 per cent. 

That the volume of the oxygen is smaller than half the volume of the 
nitrous oxide used can be explained by the presence of a certain quantity of 
nitrogen, ranging from 0*61 to 2*13 per cent., a quantity much smaller than 
the total amount of nitrogen mixed with the nitrous oxide, which was found 
to be between 3*5 and 5 per cent. 

That the volume of the nitrogen contained in the nitrous oxide is larger 
than the volume of the nitrous oxide used could be explained by the presence 
of a gas containing more nitrogen in a molecule than nitrous oxide, for in- 
stance N O ; such a gas, however, is not known. 

It will be observed that these analyses do not agree among themselves 
very nearly ; and having been prevented from making more experiments, I 
will not venture to draw any conclusions from these results, as more analyses 
should be made, chiefly because the apparatus with which they were per- 
formed was somewhat defective with regard to the diameter of the glass 
tubing connecting the absorbing with the measuring tube. 

Faraday was the first who observed an anomaly with nitrous oxide ; his 
results were very uncertain as to the pressure of its saturated vapour. A t a 
temperature of 0° F. this pressure amounted to 19*05 atmospheres when 
working from lower to higher temperatures ; but after waiting a day he found 
24*40 atmospheres, consequently a difference of 5*35 atmospheres. This dis- 
crepancy he ascribed to the gas being a mixture of two different bodies solu- 
ble in each other but differing in the elasticity of their vapour. 

Stefan (Sitzungsber. der K. Akaderaie der Wissenschaften zu Wien,Bd.lxxii. 
1875), in his researches on hcat-conduction of gases, also found the nitrous 
oxide mixed with another gas. He says, ** Von dicsem Gaso wurde vor dem 
Abschlnsse der Durchleitung durch den Apparat cine Probe in einer Absorp- 
tionsrohr fiber Wasser aufgefangcn. Nach zwei Tagen war das Gas bis auf 
cinen etwas fiber 10 Procent des ursprunglichen Volumens betragenden 
Euckstand (Stickstoff) verschwunden.” 
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Eighth Report of the Committee cm the Treatment and Utilization of 
Sewage , reappointed at Bristol , 1875, and consisting of Richard 
B. Grantham (Chairman), C.E., F.G.S., Professor A. W. Wil- 
liamson, F.R.S . , Dr. Gilbert, F.R.S., Professor Corfield, M.A., 
M.D., William Hope, V.C., F. J. Bramwell, C.E., F.jR.S v and 
J. Wolfe Barry, C.E. 

Tour Committee have during the past year, ending 24th March, 1876, been 
able to conduct more complete observations at Breton’s Farm, near Romford, 
and have been also able to test experimentally the value of last year’s obser- 
vations by having analyses made of samples of sewage and effluent water 
kept under various conditions. The expense attending this year’s experi- 
ments has been generously borne by a Member of the Association. 

From Table I. it appears that the quantity of sewage received from the 
town was greater than in any year during the period over which the Com- 
mittee’s observations extend, not excepting the year 1872-73, when the rain- 
fall was larger by 3 inches than this year ; it is therefore clear that the quan- 
tity of sewage proper received from the town has increased steadily year by 
year, thus ; — 


Tear. 

Sewage. 

Rainfall. 

1870-71. 

June ia to July 15. 

(399 da J 9 )- 

tons. 

383,926 

inches. 

22-64 

1871-7*. 

March 25 to March 24. 

416,787 

21*56 

1872-73. 

March to March. 

479 > 94 * 

*989 

1873-74. 

March to March. 

not gauged. 

not gauged. 

1874-75. 

March to March. 

481.335 

1979 

187 5—76. 

March to March. 

546,982 

2675 


It should be observed again that, as stated in last year’s Report, it has not 
been possible during the past two years to gauge the sewage directly in the 
distributing- trough, and so the amount is calculated as follows: — the “day” 
sewage from gaugings taken in the sewers during the working hours of the 
engine, and the “ night” sewage from the difference in the contents of the 
tanks at the times of stopping and starting the engines night and morning. 

It is worthy of note that while the weekly average of the noonday atmo- 
spheric temperatures varied from 31° to 79°Fahr., the average temperatures 
of the sewage only varied from 55° to 70° Fahr. 

Table II. is given again after a lapse of two years, during which it was 
impossible for want of funds to have a sufficient number of analyses made. 
1876. n 
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It appears that during the months of June, July, August, and September 
little or no nitrogen as nitrates or nitrites was found in the effluent water 5 
and from this it might hastily be concluded that for some reason or another 
the usual amount of oxidation had not gone on in the soil ; but the fact turns 
out to be that oxalio acid had been added to the Bamples (both sewage and 
effluent water) of these months with the view of preventing oxidation going 
on in them during and after collection, and this prevented the estimation of 
nitrogen in these forms by the process used. 

To test this some experiments were made as follows : — The October efflu- 
ents, to which no oxalic acid had been added, gave 0*49 of nitrogen as nitrates 
or nitrites per 100,000 parts ; to 500 cubic centimetres of this effluent 0*6 
grain of oxalic acid was added, and the mixture allowed to stand for five 
days 5 no nitrites could then be discovered in it. Again, the effluent water col- 
lected at Breton’s during June 1876 was examined as follows : — “ One portion 
of it was analyzed, taking the sample from the full bottle ; at the same time 
another portion was poured off into a bottle, filling this bottle quite full, and 
to this portion 18 grains of solid oxalic acid was added and this allowed to 
stand for seven clear days, then analyzed. It was kept in a cool cellar. The 
18 grains of oxalic acid to the quantity taken is in the proportion of 2 oz. to 
the carboy of 12 gallons. 


Analyses. 



Without 
Oxalic Acid. 

With 

Oxalic Acid. 

Nitrogen as Ammonia 

0*004 

o*co6 

Nitrogen as Nitrates 

0-889 

1 0*000 

Nitrogen not Nitrates 

0-137 

0*127 

Chlorine 

9 ’ 3 ° 

9 ' 5 ° 


(There is no doubt that the process of analysis accounts for the total disap- 
pearance of the nitrates.) ” — Dr. Russell. 

The “total nitrogen” in the effluent waters for those four months is 
therefore represented in the Table as less than it should be. Leaving out 
these four months, the “ total nitrogen ” in the effluent waters is, however, 
higher than it was during the preceding year, this being chiefly due to an 
increased amount of “ nitrogen as nitrates,” the amount of nitrogen " not 
nitrates ” being very low throughout the year except in the month of June. 

Table III. is also given again in its original form, except that the effluent 
water has only been gauged when it was mixed with the sewage, although in 
collecting the samples for analyses portions were taken from all the effluent- 
water drains ; and it is the results of the analyses of these mixed samples that 
are used in calculating the amount of nitrogen in the effluent water returned 
to the tanks. 

From this Table it appears that the true average amount of nitrogen in the 
sewage was 5*53 parts per 100,000, and that the amount of nitrogen calcu- 
lated to be applied to the farm in the sewage was 30*2525 tons ; of this 
quantity 0*1406 ton was collected in the effluent water repumped over the 
farm. 
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It is remarkable how little the true average composition of the sewage 
differs from the results obtained in previous years ; and the Committee con- 
sider that this circumstance affords considerable proof of the accuracy of their 
methods of sampling, the principle of which has always been that the samples 
shoiild be taken in proportion to the amount of flow at the time ; thus the 
amount of nitrogen in parts per 100,000 in the sewage has been, according 
to the calculations from the results of the gaugings and analyses, as follows :*— * 


1871-72. 

5 ‘ 5 2 9 

1872-73. 

5*151 

1873-74. 

not taken, 

1874-75. 

5*56 

1875-76. 

5*53 


With regard to these figures your Committee would observe that the rain- 
fall in the year 1872-73 was excessive, and this no doubt accounts for the 
sewage containing a smaller proportion of nitrogen in that year ; and that 
with regard to the year 1874-75, the number given was the result of a single 
analysis of a mixture made of all the monthly samples taken in quantities 
proportionate to tho amounts of sewage distributed each month. 

The Committee have thought it desirable to make some observations on tho 
changes which occur in sewage and effluent water when kept for some time, 
with tho view of ascertaining how far this result for 1874-76 is reliable. 

Bottles were filled with portions of the samples of sewage and of effluent 
water collected during November 1875, and put aside in a cool cellar; they 
were analyzed in May 1876, and the results of these analyses compared with 
the previous ones of the same samples were as follows ; — 


Description of Samplo. 

Chlorine. 

Nitrogen. 

As 

Ammonia. 

As 

Nitrates 

and 

Nitrites. 

Total in 
solution 
and sus* 
pension. 

Sewage, Nor. 1875. 





1 st Analysis, December 1875 **• 

12*5 

3*33 


S- 5 * 

and Analysis, May 1876 ......... 

i **4 

3*95 


5*0 

Effluent water, Nov. 1875, 


■ 



1st Analysis, Deoember 1875 ... 

iro 

0*224 

076 

rto 

2nd Analysis, May 1876 

11*0 

0*002 

roa * 

i*o 9 


4 2 
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This shows that the total amount of nitrogon in the solid matter contained 
in a sample of sewage or of effluent water is not altered by keeping, provided 
the bottle bo well filled. It is worthy of note that the nitrogen in the 
effluent water was almost all converted into nitrates *. 

In order to ascertain the effect of keeping sewage in unfilled bottles, the 
following experiments were made. The remnants of the January sewage 
and effluent water, which had been left in the bottles, were analyzed again 
on July 15th, 1876, and the sewage again on July 31st, and the following 
results obtained: — 


Description of Sample. 

Chlorine. 

Nitrogen. 

Ab 

Ammonia. 

As 

Nitrates 

and 

Nitrites. 

Total in 
solution 
and sus- 
pension. 

Sewage, Jan. 1876. 





I st Analysis, February 1876 ... 

141 

*• 5 * 


648 

2nd Analysis, July 15th, 1876.. 

13*9 

**34 


264 

3rd Analysis, July 31st, 1876 ... 

t 


0*025 

1*05 

I* 5 2 

Effluent water, Jan. 1876. 





1st Analysis, February 1S76 .. 

I O’O 

: 

o*74 

0*87 

1 

i**8 

2nd Analysis, July 15th, 1876... 

IC'O 

! 

0*005 

114 

rn 


It appears, then, that a largo quantity of the nitrogen in the sewage was 
lost between February 1876 and July 15tli, 1876, while the nitrogen in the 
effluent water was only slightly diminished in amount, but was almost all 
oxidized to the condition of nitrates. 

It appeared desirable to ascertain how much of the nitrogen in the sewage 
was thus oxidized, and a third analysis was therefore made on July 31st, 
1876, which showed that a still further loss of nitrogen had taken place, so 
that the total nitrogen which was at first 6*48 parts had been actually re- 
duced to only 1*52 part per 100,000 ; and of this 1*52 no less than 1*05 
part was in the form of nitrates. It is probable that much of the nitrogen 
thus lost escaped in the free state. 

The total amount of nitrogen received from the town in the sewage was 
greater than during any previous year, and shows conclusively that tho in- 
creased amount of sewage does not merely depend on tho rainfall, which was 
considerable, but that new connexions with the sewers are being made in 

* The unusually small amount of nitrogen 11 not nitrates” in the effluent waters in 

1874-75 was doubtless partly owing to the fact that the samples were not analysed until 
the end of the year. 
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tho town from time to time. The calculated amounts for the past years are 
as follows 


Year. 

Nitrogen. 

1871-71. 

tons. 

27*2209# 

1872-73. 

27*1716 

00 

'-4 

1 

no analyses made. 

i* 74 - 75 - 

28*38 

i* 75 ~ 7 6 - 

30*2525 


The figure for 1874-75 is of courso obtained by using the result of the one 
analysis made that year. From these figures we seo that the amounts of 
nitrogen delivered on to the farm in the sewage were approximately the same 
during the first two years of the observations, and that they have increased 
during the last two. 

Table IV. gives as usual a detailed account of the crops grown, and the 
facts relating thereto are summarized in Tables Y. and VI. 

From Table Y. it will be seen that the total produce of the farm was tinder 
2115 tons, or less than last year, and less than the average of the last four 
years, which was 2232 tons ; and the main reason of this is the considerable 
increase in the acreage of cereals and of pulse grown, thus : — 



1 

, >871 

- 7 ** 

1871-73. 

1873-74- 

1874-75. 

1875-76. 

Pulse .... 

i 

acres. 

• 2*33 

tons. 

2*59 

acres. 

12*53 

tons. 

33 *° 

acres. 

4*97 

tons. 

09 

acres. 

2*78 

tons. 

^’45 

acres. 

23*04 

tons. 

46*46 

Cereals.... 

.. *90 

3x0 

26*18 

S6*i 

3882 

84-25 

3**3 

72*68 

2679 

74-96 

J 3 -1 3 

5*59 

3871 

1 19*1 

43*79 

8854 

40*91 

81*13 

49S3 

j 


About Table YI. the same remark must be made as was made last year, 
viz. that the acreage of Italian rye-grass includes the spring sowings as well 
as the regular crops ; and this accounts for tho small average produce per acre 
of that crop; the three regular plots of this crop yielded respectively 68, 63, 
and 48 tons per acre. 

Tho mangold crops wero also very fine and gave the highest total tonnage 
per acre yet recorded for those roots, viz. very nearly 47 tons per acre. 

The nitrogen recovered in tho crops was 20,558 lbs., a somewhat larger 

* This is not the amount utilized , as given in tho Report for 1871-72, but the amount 

received , as shown in the Report for 1872-73. 
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amount than last year ; this is equivalent to 30*34 per cent, of that received 
in the sewage. 

The Table shows that 139 lbs. of nitrogen were recovered per acre over the 
aggregate aoreage under crop during the year, viz. 147*87 acres ; it will, 
however, be more correct and of greater practical utility to show the amount 
of nitrogen recovered in the crops per acre of the farm under crop, viz. 
108*44 acres, during the past five years. 

In the following Table the amount of nitrogen applied to the farm in the 
sewage and that recovered in the crops is shown for each of the last five 
years ; and it appears that the amount of nitrogen recovered in the crops 
during the whole period is equal to 32-88 per cent, of the amount applied in 
the sewage, and that the amount recovered per acre of tho farm under crop 
averaged 182 lbs. 


Year. 

Sewage. 

Kitrogen. 

In Sewage. 

In Crop. 

Percentage 
recovered 
in Crops. 

Recovered 
per aero 
of Farm. 


tons. 

lbs. 

lbs. 


lbs. 

1871-72. 

380,227 

47.095 

19,667 

4*76 

181 

i*7»-73- 

523,810 

60,438 


26*00 

14$ 

1873-74. 


61,924# 

22,766 

3674 

210 

l 

1874.-75. 

5 ° 9> I 39 

63,410 

20,166 

31*80 

186 j 

1875-76. 

546,982 

67.765 

20,553 

1 

30*34 

189 ! 

1 



! 300,632 

1 

98,861 j 

32*88 

182 | 


It will be observed that tho small amount of nitrogen recovered per acre 
during the year 1872-73 was compensated for by the unusually large amount 
recovered in 1873-74, which latter was duo to tho fact that certain crops 
taken off the ground in 1873-74 had derived the greater part of their 
nitrogen from the sewage of the previous year. 

Tho value of these results is much enlarged by the fact that they have been 
obtained by a series of observations and experiments extending over a period 
of fivo years, so that the effect of the inevitable annual variations, of which 
a notable examplo is furnished by tho first three years, is got rid of. 


* As the sewage was not gauged in the year 1873-74, the amount of nitrogen applied 
is tafcen as the mean of that applied in the years 1872-73 and 1874-75. 



Table I. — 'Breton'* Sewage-Farm. 

Statement of Weekly Quantities of Sewage received on the Farm from the 
Town of Romford, from March 25, 1875, to March 24, 1876. 


No. of 
weekly 
return. 

Dates (inclusive). 

Average 

noonday 

tempe- 

rature. 

Rainfall 

during 

week. 

Sewage 
delivered 
on farm. 

Average 

tempe- 

rature 

thereof. 





0 F. 

in. 

gallons. 

°F. 


1875. March 25 to March 28 

54 

O'lO 

1,061,000 

55 

252. 

„ »> 

29 „ April 

4 

52 

0*07 

1,970,000 

56 

* 53 - 

„ April 

5 »» >> 

11 

52 

0*82 

2,429,000 

59 

254. 

#1 » 

12 „ „ 

18 

50 

0*00 

2,025,000 

62 

2 55 * 

»» »» 

19 >»* >> 

25 

57 

°‘33 

1,783,000 

63 

256. 

»> •» 

26 „ May 

2 

64 

o *57 

2,051,000 

63 

* 57 - 

„ May 

3 a >> 

9 

62 

0*38 

2,173,000 

63 

* 58 . 

»» »» 

10 „ „ 

16 

69 

0*00 

1,803,000 

64 

* 59 - 

>» » 

17 „ 

23 

62 

o *34 

2,147,000 

65 

260. 

a tt 

24 >t 

3 ° 

64 

0‘2I 

2,135,000 

65 

261. 


31 „ Juno 

6 

7 i 

OOO 

1,959,000 

66 

262. 

„ June 

7 tt tt 

13 

64 

o *94 

2,078,000 

67 

263. 


*4 >> » 

20 

64 

o *37 

2,036,000 

66 

264. 


21 „ 

27 

66 

0'02 

1,951,000 

69 

265. 

)l if 

>p 

P 

00 

a 

4 

66 

r 44 

2,723,000 

66 

266. 

tt July 

5 t , 

11 

67 

C41 

1,937,000 

69 

267. 


12 t » 

18 

61 

2-63 

2,898,000 

63 

268. 


19 » 

25 

62 

ri6 

2,626,000 

63 

269. 

tt Aug. 

26 ,, Aug. 

1 

7 1 

009 

2,005,000 

66 

270. 

2 ,, ,, 

8 .. .. 

72 

0-00 

1,839,000 

69 

271. 


9 1 1 it 

15 

74 

0 20 

1,981,000 

69 

272. 


16 „ „ 

22 

79 

0'38 

2,388,000 

68 

a 73 * 


23 », 

29 

69 

o*45 

2,081,000 

68 

274. 

») >9 

„ Sept. 

20 Sept. 

5 

65 

O’l 2 

2,069,000 

67 

275. 

6 „ „ 

12 


Oil 

2,083,000 

70 

276. 


13 ». 

19 

69 

o-oo 

2,242,000 

68 

277. 



26 

63 

1-98 

3,121,000 

69 

278. 


27 „ Oct. 

3 

62 

IO9 

2,433,000 

66 

279. 

„ Oct. 

4 » ,» 

10 

60 

0*08 

2,315,000 

64 

280. 1 



17 

54 

o*37 

2,087,000 

64 

281. 


18 „ 

24 

53 

2*35 

3,662,000 

66 

2S2. ! 

»* 

25 „ 

31 . ... 

45 

0-17 

2,709,000 

60 

283. 

„ Nov, 

1 „ Nov. 

7 

5 1 

072 

2,513,000 

61 

284. 


8 1 f „ 

ij. 

44 

271 

2,955,000 

62 

285. 

• ,, 


21 

49 

O' 2 2 

2,688,000 

61 

286. 

>» 

22 ,, „ 

20 

36 

o'o 7 

2,510,000 

57 

287. 

M »» 

„ Dec. 

29 „ Dec. 

5 ... . 

33 

0*40 

2,260,000 

57 

288. 

6 „ „ 


37 

0 20 

2,551,000 

57 

2S9. 

.» 

*3 » » 

*9 

40 

O'OO 

2,420,000 

5 * 

290. 

19 f j 

20 „ 

26 

48 

c * 3 i 

2,439,000 

57 

291. 

If ft 

27 ,, Jan. 

2, 1876 

45 

0-13 

2,484,000 

57 

292. 

1876. Jan. 

3 » » 

9 

37 

0*2 I 

2,752,000 

59 

2 93* 


10 ,, ,, 

16 ... . 

3 1 

0*09 

1,803,000 

57 

294. 



23 

43 

0- 3 I 

2,414,000 

59 

295. 

” »» 

24 >* » 

3 ° 

46 

0*03 

2,1 50,000 

60 

296. 

*» 

31 „ Feb. 

6 .... 

44 

0 37 

2,587,000 

60 

297. 

Feb. 


13 

35 

O'OO 

2,145,000 

58 

298. 


14 » *- 

20 

5 ° 

0 64 

2,464,000 

59 

299. 


21 „ „ 

27 

49 

0 65 

2,685,000 

59 

300. 


28 March 5 

5° 

079 

2,640,000 

60 

301. 

,, March 

6 t. M 

12 .. .. 

A 7 

095 

2,857,000 

60 

302. 



19 

43 

0 89 

2,572,000 

5 S 

3 ° 3 - 

a 

20 „ „ 

24 

46 

028 

1,835,000 

53 





Total ... 

2675 








Total ... 

122,524,000 







Tons ... 

546,982 
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Table II. — Breton’s Sewage-Farm* 

Statement showing Results of Monthly Analysis of Sewage as pumped and of 
Effluent Drainage-water, from March 1875 to March 1876. 

Results given in parts per 100 , 000 . 


! 

Sewage as pumped. 


Effluent drainage-water. 


l Month. 

i 

1 

! 

Am- 

monia. 

Chlorine. 

Total 
Nitrogen 
in solu- 
tion and 
suspen- 
sion. 

Am- 

monia. 

• 

Chlorine. 

Nitrogen 

ns 

Nitrates 

and 

Nitrites. 

Nitrogen 
not as 
Nitrates. 

Total 

Nitrogen. 

1 I «7 s- 

April 

3 * 9 ° 

12*30 

5*02 

0*005 

11*40 

o *37 

0*23 

o*6o 

May 

4*93 

12’ 10 

598 

0*CC2 

ireo 

°‘44 

0’22 

o*66 

Juno* 

•• 5 * 

1170 

4-46 

c *3 3 3 

11 74 

none 

o *95 

j 

o *95 j 

July* 

2’8o 

X 2 *CO 

818 

0*368 

10*30 

0*05 

o *37 

0*42 | 

August* 

2-66 

12*40 

4* 18 

0*132 

11*20 

none 

0*41 

0*41 

September* ... 

2*69 

11*36 

432 

0*125 

ireo 

trace 

1 

0*24 

0*24 

October 

4-07 

I0’90 

4*47 

0x25 

10*00 

o *49 

°'<5 

0*64 

| 

November ... 

i 

3*33 

12*50 

5*58 

0*224 

iroc 

1 

0*76 

°'34 

no 

' December 

2*30 

9*6o 

5**7 

0*004 

875 

0*76 

1 

0*06 

o*8a 

1876. 

’ January 

2-58 

14*10 

6*48 

0*21 

10*00 

0*87 

0*41 

1*28 

February 

3*44 

970 

5*93 

0*178 

9*40 

1*07 

0*23 

1*30 

March 

j 

364 

10*20 

6*29 

o*co8 

1 

910 

t 

1 

073 

009 

! 

I 

0*82 


Oxalic acid had been added to these samples. 
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Table III . — Bretorie Sewage-Farm, 

Statement showing the Monthly Quantities of Sewage and Effluent Water 
distributed on the Farm, and the Nitrogen contained therein, 
from March 25, 1875, to March 24, 1870. 


Dates (inclusive). 

Sowago. 

Effluent Water. 

Quantity. 

Nitrogen 

per 

100,000 

tons. 

Total 

Nitrogen. 

Quantity. 

Nitrogen 

per 

100,000 

tons. 

Total 

Nitrogen. 

1875. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

Mar. 25 to Mar. 31 

8,500 

*5*02 

•4*67 




April 1 „ April 30 

39.H7 

5-02 

1*9652 

i»375 

o*6o 

0*0082 

May 1 „ May 31 

40,946 

s - 9 8 

2*4486 

4» ,I 3 

o*66 

0*0271 

June 1 „ Juno 30 

39-5*8 

446 

1*7625 

2,263 

0-95 

0*0215 

July x „ July 31 

49»5 22 

S18 

40509 




Aug. 1 „ Aug. 31 

39.393 

4*18 

1*6466 

4»77 2 

0*41 

0*0196 

i 

Sept. 1 ,, Sept. 30 

45.857 

4’3 2 

198 10 

6,897 

0*24 

o*o 166 

Oct. x „ Oct. 31 

i 

' 53.187 

4*47 

*'3775 




1 

Nov. 1 ,, Nor. 30 

^ 50.594 

5-58 

2*8231 


j 


1 

Dec. 1 „ Dec. 31 

48,170 

5’ 2 7 

1-5386 




1876. 







' Jan. 1 to Jan. 31 

45.161 

648 

2-9264 

*.536 

x *28 

0*0325 

Feb. 1 „ Feb. 29 

46,130 

5*93 

»7355 

1 625 

x*3° 

0*0081 

Mar. 1 „ Mar. 24 

40,857 

6*29 

25699 

848 

0*82 

0*0070 


546,982 

5*53 

30*2525 

1 

j 13.419 

1 

i 

0*1406 


* There being no analysis for March 1875, the April composition has been adopted 

for that month. 
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Table IV. — Breton's 


Statement showing Crops grown from 


Plot. 

No. of beds 
(inclusive). 

Acreage. 

Crop. 

Hate when sown or 
planted. 

Bj 

m 


Mangold 

Cabbage 

Fallow. 

April 1875 

Nov. 1875 

Total A 


9 * 






B 

11 

x to 26 

n 

12*12 

1212 

Barley 

Italian rye-grass 

March 1875 

>» it 



12*12 




All. 

Part. 

»* 

r 9 7 

•50 

i '47 

Oats 

Cabbage 

Fallow. 

March 1875 

Oct. 1875 

Total C 


1 *97 






D 

i> 

11 

11 

i> 

AIL 

12 

13 to 18 

19 „ 22 

I „ 22 

6*93 

•31 

1*89 

1*26 

693 

Cabbage I 

Kohl rabi 1 

Hardy green plants ! 

Sprouting broccoli ' 

Italian rye-grass 

Oct. and Nov. 1874 ... 

April 1875 

May 1875 

April 1875 

Oct. 1875 

Total D 


6-93 






£ 

I tO 22 

576 

Italian ryc-grass 

Sept. 1874 

P 

ii 

it 

If 

!» 

ltOI4&17&l8 
15, l6 

x to 5 

6too&i4toi6 

AIL 

3*39 

*42 

106 

1*48 

3*82 

Cabbage 

Spinach 

Hardy greens 

Cabbage-plants 

Wheat 

Oct. 1874 

April 1875 

June 1875 

July x 875 

Feb. 1876 

Total F 


3*82 









a 


X to 22 


5'*7 


Italian rye-grass 


Sept. 1874 
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Sewage-Farm. 

March 25, 1875, to 


Bate when cut or 
gathered. 


March 24, 1876. 


Produce. 

Total. Per acre. 


Remarks. 


April to Sept. 1875 

SeDt. 1875 

July and Aug. 1875 
Sept. 1 875 


Oct. and Nov. 1875 ••• 

tons. 

469-41 

tons. 

47*9 

One eleventh of crop ploughed in. 
Crop remained March 1876. 


469-41 

47*9 

Part of plot under crop at end of 
year. 




79-41 11-5 

1*31 42 


27 Including 20*83 to™ straw. 

f Sown with Barley. One cutting 
i*5 only. 

The crop remained March 1876. 


Plot all under Grass at end of 
year. I 


Including 3*47 tons straw. 


Plot all fallow at end of year. 



Crop remains. 


1 5 Plot under Grass at end of year. 




Wheat remains. Rye-grass sown May 
1876. 


1 7*o Plot under Wheat at end of year. 


April to Nov. 1875 ... 250-56 48*5 Seven cuttings. Plot fallow at end of 

year. 
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Tabie IV. 


Plot. 

No. of beds 
(inclusive). 

Acreage. 

Crop. 

Date when sown or 
planted. 

H 

i to 24 

6 40 

Italian rye-grass 

June 1874 

I 

1 to iS 

’i 

m 

Barley 

Turnips 

March 1875 

Aug. 1875 

Total I 


667 



K 

•i 

ti 

>i 

»» 

! 

1 

II 

1 to 3 

4 & s 

4 to 8 

6 & 7 

8 .. 9 

10 

11 

I to II 

119 

•82 

2*56 

•32 

•83 

•40 

•38 

444 

Walcbcren cauliflowers... 

Spinach 

Cabbage 

Hardy green plants 

Savoy plants 

Cabbage & Brus. sprouts 
Walcbcren cauliflowers... 
Wheat 

June 1875 

March 1875 

Juno and Aug. 1875... 
April 1875 

i> i> 

11 11 

Feb. 1876 

! Total K 

! 


4 '44 



> L 

! 

! 

X to 20 

1 

2*87 

Beans 

March 1875 

i 

M 

ii 

u 

ii 

l 

I to 12 

1 3 

I to 9 

13 

1 to 13 

2-89 

•28 

2*33 

•28 

317 

Peas 

Sprouting broccoli plants 

Kohl rabi 

Sprouting broccoli 

Wheat 

March 1875 

: April 1875 

! Aug. and Sept. 1875... 

Sept. 1875 

Feb. 1876 

Total M 

i n - 


317 



N 

I to 16 

415 

Mangold 

April 1875 

o 

I „ | 

All. 

11 

5 * 92 

5 ’ 9 2 

Carrots 

Peas 

April 1875 

March 1876. 

j Total 0 


5 9 2 



P 

ii 

All. 

ii 

. I 

3*50 ! Sprouting broccoli 

March 187$ 

Sept. 1875 

Total P 


3 ' 5 ° ! 

1 
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(continued). 


Date when cut or 
gathered. 

Produce. 

Bernards. 

Total. 

Per acre. 


tons. 

tons. 


Apr. 1875 to Mar. 1876 

• 

341-4* 

53*4 

Fire cuttings. Plot fallow at end of 
year. 

Aug. i *75 

1871 

2*8 

Including 11*5 tons straw. 

March 1876 

16*06 

2*4 



5*2 

Plot fallow at end of year. 

Aug. and Sept. 1875... 

5‘ 2 4 

4*4 


June 1875 

2*00 

2*4 


Sept. 1875 to Feb. 1876 
July and Aug. 1875 

24*41 

9*5 


7*19 

8 8 


July 1875 

Til 

91 


Nov. and Deo. 1875 ... 

4*40 

1 ro 


Juno 1875 

i *68 

4*4 






Wheat remains. 


5 2 *5o 

ii *8 

Plot all under Wheat at end of 
year. 

Sept. 1875 

5*42 

1*9 

; Straw 3 76 tons included. Plot fallow 
| at end of year. 

July 1875 

S-S 7 

2*0 

Including 4*22 tons straw. 

Sept. 1875. 

*80 

2*9 

Nov. and Dec. 1875 .. 

15*60 

6*7 


Feb. 1876 

•40 

i*4 

Wheat remains. 


22*67 

7*2 

Plot all under Wheat at end of 
year. 

Nov. 1875 

I847O 

44-6 

Plot fallow at end of year. 

Nov. 1875 

8o*8o 

13*6 

1 


| 8o*8o 

13*6 

Plot in crop at end of \ ear. 

Aug. 1875 

— 

2*8 

Including 6*9 tons straw. 

March 1876 

mam 

i*6 


>5-36 

4*4 

Plot fallow at end of year. 










Q All. 1 2* 34 Beans March 1875 


R Port ft*40 Beans March 1875 





5*93 Beans March 1875 


w 

All. 

2*75 

»» 

»» 

a‘75 

Total W 


2*75 

X 

i 

All. 

3*86 




0*20 

Osiers 

Permanent t)IHtlllt .. 



1 
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(continued). 


Date when cut or 
gathered. 

Produco. 

€ 

Remarks. 

Total. 

Per acre. 



tons. 

tons. 


Sept. 1875 

518 

2*2 

Including 3-76 tong Btraw. Plot fallow 
at end of year. 

Sept. 1875 

5' 2 3 

2‘2 

Including 3-76 tons straw. 

1*90 

l S -8 

Oziera remain. 


m 

2*8 

Plot nearly all fallow at end of 
year. 

March 1876 

0*71 

3-2 

Rhubarb remains. 

Aug. 1875 

8*22 

3** 

Including 5*78 tons straw. 

March 1876 

6-85 

2*7 



I507 

57 

Plot fallow at end of year. 

Sept. 1875 

ix-88 

■ 

Including 8* 10 tons straw. Plot fal- 
low at end of year. 

June & July 1875 ... 

5-09 

i*9 

Including 370 tons straw. 

March 1876 

10-52 

3*8 



A 

Sept. 1875 


15*61 


57 


Plot fallow at end of year. 


7*44 


5*20 tons straw. Plot fallow at end 
of year. 


23*80 


4 * 


Two crops. Grass remains. 
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Table Y. — Breton’s Sewage-Farm. 

Season 1876-76. — Summary of Cropping Return. 


Plot, 

Acreage. 

Crops. 

Produce, 

Total. 

Per acre. 




tons. 

tons. 

A 

980 

Mangold and cabbage 

46941 

47*9 

B 

12*12 

Barley and Italian rye-grass 

50*32 

4* 

0 

r 9 7 

Oats and cabbage 

776 

3*9 

D 

693 

Cabbage, kohl rabi, hardy greens, sprout- 

109*56 

15*8 



ing broccoli. 



B 

* 5*76 

Italian rye-grass 

333*72 

57*9 

F 

3-8* 

Cabbage, spinach, hardy greens, and cab- 

6493 

17*0 



bage-plants. 



a 

#5*17 

Italian rye-grass 

»joj6 

4»j 

H 

* 6*40 

Italian rye-grass 

341-48 

53*4 

I 

667 

Barley and turnips 

3477 

5* 

K 

4*44 

Cauliflowers, spinach, cabbage, hardy 

52*50 

11 8 



green plants, savoy, Brussels sprouts. 



L 

2*87 

Beans 

5*4* 

*9 

M 

3*17 

Peas, sprouting broccoli plants, and kohl 

22*67 

7* 



rabi. 



N 

4**5 

Mangold 

184*90 

44*6 

O 

5*92 

Carrots 

8o*8o 

13*6 

P 

3*50 

Oats and sprouting broccoli 

*5 36 

4*4 

Q 

a'34 

Beans 

5 *j 8 

2*2 

R 

2*52 

Beans and oziers 

7**3 

2*8 

S 

0*22 

Rhubarb 

0*71 

3* 

u 

**53 

Oats and sprouting broccoli 

15*07 

5*9 

V 

5*93 

Beans 

ii*88 

2*0 

w 

**75 

Peas and sprouting broccoli 

15*61 

5*7 

X 

3*86 

Beans 

7*44 

1*9 

Y 

5*60 

Hay 

23*80 

4* 

various 

0*20 

Oziers 

370 

18 5 


108*64 

Total 

2114*68 

*9*5 


* See Hot* at foot of Table VI, 
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Table VI. — Breton’s Sewage-Farm. 

Summary of Crops gathered from March 25, 1875, to March 24, 1876, 
showing the quantity of each kind of Produce and Nitrogen contained therein. 



Total 
acreage 
of eacn 

Produce of each crop. 

Total Nitrogen estimated 
to be in crops. 


descrip- 
tion of 
crop. 

Total. 

Per acre. 

Per cent. 

Total. 

Per acre. 

Italian rye-grass 

acres. 

* z 9'45 

tons 

943 ‘ 9 2 

tons 

321 

o *54 

lbs. 

11,418 

lbs. 

388 

Hay 

5*60 

23*80 

4*2 

2*00 

1,066 

190 

Oziers 

0*32 

5*60 

I 49'54 

17*5 


63 

196 

Cabbage 

14*86 

10*1 

0*25 

837 

56 

Hardy greens 

377 

43*27 

"•5 

0*25 

242 

64 

Savoys 

0 83 

7*57 

9 ' 1 

0*25 

42 

5 i 

Brussels sprouts & cabbage.. 

0-40 

4*4° 

11*0 

O 25 

2 5 

62 

Broccoli 

10 60 

3655 

34 

O25 

205 

>9 

Spinach 

1*24 

3' 2 5 

2 6 

0*25 

18 

*5 

Kohl Rabi 

2 64 

16*91 

64 

0 375 

142 

54 

Cauliflowers . 

r 57 

6*92 

44 

025 

39 

2 5 

Beans. ... 

1740 

3 5’ 1 5 

2 0 

0*50 

394 

2 3 

| 

Peas 

! 5*64 ! 

| j 

f peas 3*04 
l straw 7 92 

°'5 

i *4 

3*40 

o*8o 

232 

142 

} 66 

Carrots . . 

5 ’ 9 2 ! 

80*80 

j 3 *6 

0*20 

362 

61 

Turnips 

6*67 j 

16*06 

24 

018 

65 

10 

Mangold . . 

J 395 

6 54 ‘ 3 > 

469 

0*25 

3» 66 4 

263 

1 

Oats 

Barley 

8*oo 

18 79 

f grain 7-94 
[straw 16*15 
| grain 18 54 
[straw 32*33 

10 

2*0 

1*0 

*7 

2*00 

o*6o 

i*6o 

0*50 

355 

217 

665 

362 

} " 
}» 

Rhubarb 

0*22 

0 71 

3*2 

0*2 

3 

H 


14787 

2114*68 

J 4*3 


20,558 

*39 


* This acreage of Italian rye-grass includes not only the 17*33 acres of plots E, G, and 
H (marked # in Table V.), but also the 12* 12 acres of plot B, which were sown, according 
to the usual prac tice, for the following year’s use, and from which only one very light 
cutting was taken 


1870. 


R 
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Table VII. — Breton’s Sewage-Farm. 

Statement of Land in crop and Land lying fallow on March 24, 1876. 


Plot. 

Acreage. 

Area in 
crop. 

Area 

fallow. 

Comparison. 


acres. 

acres. 

acres. 


A 

980 

641 

3*39 


B 

1212 

12* 12 


I11 crop. Fallow. Total. 



acres, acres, acres. 

n 

*‘97 


1 97 

March 24, 1872 ... 40 49 63*39 103*88 



„ „ 1873. 8762 19*93 107*55 

D 

6-93 

6-93 


„ „ 1874 8909 19-35 1 08 *44 

,, ,, 1875... 79*40 2904 io8'44 

E 

576 


576 

„ „ 1876 48*75* 59*69 10844 

p 

382 

382 




5**7 

. 

5 *7 


1 H 

6*40 

... 

6*40 

* Including (as pointed out in previous 

I 

667 


667 

Reports) spring sowings, amounting this 
year to about 17 acres. 

K 

444 

4*44 



L 

287 



2-87 


JV 1 

3**7 

! 3->7 

j 



N 

, 4 15 

1 . . 

| 

4*5 


0 

5 ’ 9 2 

! 5 92 



P 

3 5 ° 

i 

| 3 5 ° 


Q 

**34 


j 2 34 


R 

252 

12 

2*40 


s 

j 22 

22 



U 

2 ‘53 

i 

2'53 


y 

» 5 93 

| 

5 93 


w 

j 2 ‘75 

i ... 

2 75 


X 

| 3*86 

! ■ * 

3*86 


Y 

| 5 * 6 ° 

5 60 



, 

1 

| 108 '44 

4*75 

5969 
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Improved Investigations on the Flow of Water through Orifices, with 
Objections to the modes of treatment commonly adopted . By Prof. 

James Thomson, LL.D., D.Sc. 

[A communication ordered by the General Committee to be printed in extenso among 

the Reports.] 

The methods usually put forward for treating of the flow of water out of 
vessels by orifices in thiu plates, slightly varied though they may be iu different 
cases, are ordinarily founded on assumptions largely alike in these different 
cases, and largely erroneous. The theoretical views so arrived at, and very 
generally promulgated, are in reality only utterly false theories based on sup- 
positions of tho flow of the water taking place in ways which are kinemati- 
cally and dynamically impossible, and are at variance with observed facts of 
tho flow, and even at variance with the facts as put forward by tho advancers 
themselves of thoso theories. Tho admittedly erroneous results brought out 
through those fallacious “theories,” and commonly miscalled “ theoretical 
results” are afterwards considerably amended by the introduction into the 
formulas so obtained of constant or variablo coefficients, or otherwise, so as 
to be brought into some tolerable agreement with experimental results. 
Those means of practical amendment, however, being themselves not estab- 
lished on any scientific principles, can at best only conduce to tho attainment 
of useful empirical formulas, but cannot, by their apjdication to the origi- 
nally false theoretical viows, come to develop any true scientific theory. A 
theory may, no doubt, bo regarded as a good scientific theory, and as being 
good for practical purposes, which leaves out of account, some minor features 
or conditions of the actual facts. In so far as it leaves any influential 
elements out of account, it is imperfect; but if tho conditions which, for 
simplicity, or from want of complete knowledge of the subject, or for any 
other reason, are left out bo of very slight influence on the practical results 
in question, the theory may be regarded as a very good one, though not quite 
perfect. In the case, however, of the hydraulic theories now referred to, tho 
false principles involved in the reasonings relate to the main and important 
conditions of the flow, and not to any mere minor considerations, the imper- 
fections or errors of which might be of but slight importance in the develop- 
ment of the main principles involved, and but little influential on the results 
sought to bo attained. 

I will now proceed to give some examples or sketches of the usual 
methods of treating tho subject. 

I will first tako the case of water flowing from a state of rost through an 
orifice in a vertical plane face. This case is ordinarily treated by -upp'-i-ig 
the orifice to bo divided into an infinite number of infinitely narrow hoi izontal 
bands of area, and supposing tho velocity of the water in each band to be 
that duo, through tho action of gravity, to a fall from the still-water surface- 
level down to that band ; then multiplying that velocity by tho area of the 
band, and treating the product as being the volume flowing per unit of time 
across that horizontal band or element of the area ; and integrating to find 
the sum of all these volumes of water for all the bands, and treating this 
sum as being tho “ theoretical” volume per unit of time flowing across the 
whole area of the orifice. This result is commonly called the “ theoretical 
discharge” per unit of time ; but, as it is known not to be the actual dis- 
charge, it is then multiplied by a numerical coefficient called by some u the 
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coefficient of contraction” and by others the “ coefficient of discharge ” in order 
to lind the actual discharge per unit of time. 

Thus for the case of a rectangular orifice in a vertical plane face, as in 
fig. 1 — where VTL is the level of the still-water surface, and AB 0 D is the 



orifice, with two edges A B and C D level, and E F is an infinitely narrow 
horizontal band extending across the orifice at a depth h below the still- 
water surface-level, and having dh as its breadth vertically measured, while 
it has 7, the horizontal length of the orifice, as its length, and where, as 
shown in the figure, the depths of tho top and bottom of the orifice below 
W L are denoted by h x and \ respectively — if q is put to denote the so-called 
u theoretical ” volume per unit of time, and Q the actual volume per unit of 
time, it is commonly stated that 

dq= sj2yk . kih, 

whence 



or 

and then when c is put to denote tho so-called “ coffin ent of contraction ” it 
is stated that the actual quantity flowing per unit of time is 

Q=i (O 

It is then customary to deduce from this a formula for the case of water 
flowing in a rectangular notch open above, as in fig. 2, by taking /q=0, and 
so deriving, for the open notch, the formula 

Q/br notch « •*/ (2) 

These examples may suffice for indicating the nature of the method 
commonly advanced ; and it may be understood that the same method with 
the necessary adaptations is usually given for finding the flow through circular 
orifices, triangular orifices, or orifices of any varied forms whatever. 

Now this method is pervaded by false conceptions, and is thoroughly un- 
scientific. 

First. Throughout the horizontal extent of each infinitely narrow band 
of the area the motion of the water has not the same velocity, and has not 
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the same direction at different parts ; and the assumption of the velocity 
being the same throughout, together with the assumption tacitly implied of 
the direction of the motion being the same throughout, vitiates the reasoning 
very importantly. It is thus to be noticed at the outset that the division of 
the orifice into bands, infinitely narrow in height, but extending horizontally 
across the entire orifice, cannot lead to a satisfactory process of reasoning, and 
that the elements of the area to be separately considered ought to be infinitely 
small both in length and in breadth. 

Secondly. For any element of the area of the orifice infinitely small in 
length and breadth it is not the velocity of the water at it that ought to be 
multiplied by the area of the element to find the volume flowing per unit of 
time across that element, but it is only that velocity’s component which is 
normal to the plane of the element that ought to be so multiplied. 

Thirdly. Whether, for any element of the area of the orifice, we wish to treat 
of the absolute velocity of the water there, or to treat of the component of that 
velocity normal to the plane of the orifice, it is a great mistake to suppose 
that the velocity at the element is that due by gravity to a fall from the still- 
water surface-level of the pent-up statical water down to the element. The 
water throughout the area of any closed orifice in a plane surface, with the 
exception of that flowing in the elements situated immediately along the 
boundary of the orifice, has more than atmospheric pressure ; and hence it can 
be proved * that it must have less velocity than that due to the fall from the 
still- water surface-level down to the element. 

The foregoing may be illustrated by consideration of the very simple caso 
of water flowing from a vessel through a rectangular orifice in a vertical 
plane face, two sides of the rectangle being level, and the other two vertical, 
and end contractions being prevented by the insertion of two parallel guide 
walls or plane faces, one at each end of the orifice, and both extending some 
distance into the vessel perpendicularly to the plane of the orifice, so that 
the jet of issuing water may be regarded as if it were a portion of the flow 
through an orifice infinitely long in its horizontal dimensions. 

Thus if tho jet shown in section in fig. 3a be of the land here referred to, 
while W L is the still- water surface-level, the so-called “ theoretical velocities” 
at the various depths in the orifice, which are dealt with as if they were in 
directions normal to the plane of the orifice, can be, and very commonly are, 
represented by tho ordinates of a parabola as is shown in fig. 36, where B 1) 
represents in magnitude and direction the “theoretical velocity” at the top of 
the orifice, C E the “ theoretical velocity ” at the bottom of the orifice, and 
F G that at tho level of any point F in the orifice — these ordinates being each 
made = V2</6, where h is tho depth from the still- water surface down to the 
level of the point in the orifice to which the ordinate belongs. Then, under 
the same mode of thought, or same set of assumptions, the area of that 
parabola botween the upper and lower ordinates (Bl) and CE) will represent 
what is commonly taken as the “ theoretical discharge” per unit, of time 
through a unit of horizontal length of the orifice. But this gives an exces- 
sively untrue representation of tho actual conditions of tho flow. Instead of 
the parabola, some other curve, very different, such as the inner curve 
sketched in the same diagram, fig. 36, but whose exact form is unknown, 
would, by its ordinates, represent the velocity-components normal to the 
plane of the orifice for the various levels in the orifice, and its area would 
represent tho real discharge in units of volume per unit of time through 

* Theorem I., further on, *ill afford proof of this. 
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3 a. Fig. 3. 3 h. 



a unit ot horizontal length of the orifice. Although the exact form ol* this 
true curve is unknown, yet we may observe that it muBt lmvo its ordinates 
each less than the ordinate for the same level in the parabola. 

The truth of this may be perceived through considerations such as the 
following. First, it is to be noticed that for the very top and the very bottom 
of the orifice, instead of the ordinates B 1) and C E of the parabola, the ordi- 
nates of the true curve must be each zero ; because, at each of theso tw T o 
places, the direction of the motion is necessarily^ a i. genial to the plane of the 
orifice*, and so the velocity-component normal to the plane of the orifice 

* The assertion here made, to the effect that the directions of the stream-lines which 
form the external surface of the jet on its leaving tlio edge of the orifice must, at the edge, 
be tangential to the plane of the orifice when the orifice is in a plane face, or must in 
general be tangential to the marginal narrow band or terminal lip of the internal or water- 
confining face of the plate or nozzle in which the orifice is formed, can be eleurl) and easily 
proved, although, strangely, the fact has been and is still very commonly overlooked. 
.Even MM. Poncelot and Lesbros, in their delineations of the forms of veins of water 
issuing from orifices in thin plates, after elaborate observations and measurements of those 
forms, represent the surface of the issuing fluid as making a sharp angle with the plane 
wetted face in leaving the edge (“Experiences IJydrauliques sur les Lois de l’Feoule- 
ment de l'jEau,” a Memoir read at the Academy of Sciences m November 18211, and pub- 
lished in the M6moircs, Sciences MathOnatiques et Phjsiques, tome ni.). Other writers 
on Hydraulics put forward very commonly representations likewise erroneous. Wcisbnch, 
for instance, in his valuable works (Ingemeur uud Maschinen-Mcchanik, vol. i. § 313, fig. 
427, date 184fi ; and Lehrbucli dcr theoretischen Mechanik, 5th ed. date 1875, edited by 
Hermann, § 433, fig. 772), has assumed (not casually, but with deliberate rare, and after 
experimental measurements made by himself), as the best representation which, with avail- 
able knowledge of the laws of contraction of jets of water, can be given for the form of the 
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must be zero ; and that component, not the velocity itself, is what the 
ordinate of the true curve must represent. On the hypothesis of perfect 
fluidity in the water (which, throughout the present discussions and investi- 
gations, is assumed as being a close enough representation of the truth to 
form a basis for very good theoretical views), the velocities at top and bottom 
of the orifice will be those due by gravity to falls from the still- water surface- 
level down to the top and bottom of the orifice respectively, because at these 
places the water issues really into contact with the atmosphere, and 
consequently attains atmospheric pressure. At all intervening points in the 
plane of the orifice it may readily be seen, or may with great confidence be 
admitted, that the pressure will be in excess of the atmospheric pres- 
sure ; because, neglecting for simplicity the slight and, for the present 
purpose, unimportant modification of the courses of the stream-lines caused by 
the force of gravity acting directly on the particles composing the stream- 
lines, as compared with the courses which the stream-lines would take if the 
action of gravity were removed, and the water were pressed through the 
orifice merely by pressure applied, as by a piston or otherwise, to the fluid 
in the vessel, wo may say, truly enough for the present purpose, that an 
excess of pressure at the convex side of any stream -line is required in order 
that the water in the stream-lino can ho made to take its curved path. The 
modo of reasoning on this point suggested here may be obvious enough, 
although, for the sake of brevity, it is here not completely expressed. It fol- 
lows that at all these intei veiling points in the plane of the orifice the absolute 
velocity of the water an ill he less than that duo to a fall from tho still -Nvater 
surface down to the level of the point in the orifice ; and besides, at all depths 
in the plane of the orifice except a single medial one, the direction of the 
flow will he oblique, not normal, to the plane of the orifice. Hence, 
further, through these two circumstances, jointly or separately as tho case may 
be, it follows obviously that the ordinates of the true curve will everywhere 
be less than those of tho parabola. 

Fig. 4 illustrates in like manner the false theoretical and the truo actual 
conditions of the flow over a level upper edge of a vertical plane face, which 
may he exemplified by the case of a rectangular notch without end contrac- 
tions, or of a portion of tho flow not extending to cither end in a very wide 
rectangular notch. In this case it is to be observed that the ordinates at 
and near tho top of the issuing water in the vertical plane of the orifice 
must be only slightly less than those of the parabola — because, at the very 
top or outside of the stream, atmospheric pressure is maintained t hi- ■iighnat 
the length of any stream-line, and so the velocity will be very exactly that 
due by gravity to the vertical depth of the flowing particle below the still- 
water surface-level in the vessel ; and because, also, the direction of the 


contracting umh of water issuing horn n circular orifice in a thin plate, a solid of revolu- 
tion specified clear h m Midi a way that the water surface in leaving the plane of the plate 
makes an angle of about < >7° with that plane, and states to the effect that, that water sur- 
face is just a continuation of the paths ol the stream-lines within the \cssel which he 
represents at the margin of the orifice as crossing the plane of the orifice with comerging 
paths making the angle already mentioned ot about (»7° with that plane. They ought in 
reality to leavo the lip tangentially to the plane, and then to make a very rapid turn in a 
short* space (or to ha\e a very small radius of curvature) on just leaving the lip of the 
orifice. Tho prevalence of erroneous representations and notions on this subject was 
adverted to, and an amendment was adduced, by myself in a Report to the British Asso- 
ciation in I8fil on tho Gauging of Water by V -Notches (Brit. Assoc. Rep. Manchester 
Meeting, IBfil, part 1, p. !;>(>). 
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Fig. 4. 


4 b. 



motion does not deviate much from perpendicularity to the plane of the 
orifice. Lower down in the plane of tho orifice the direction of the 
water’s motion will approach still more nearly to being perpendicular to 
that plane ; but there the pressure will be considerably in excess of the 
atmospheric pressure, and so the velocity will be considerably less than that 
due by gravity to a fall through the vertical distance from tho still-water 
surface-level down to the stream-line in the plane of the orifice. At places 
still further down in the orifice the flow comes to be obliquely upwards ; 
and this obliquity is so great as to render the normal component very 
much less than the actual velocity, while the actual velocity itself is 
less than that due by gravity to the depth of tho particle below the still- 
water surface -level. At this region of the flow then, for both reasons, the 
ordinates of the true curve are less than those of the parabola. Lastly, at 
the very bottom of the orifice, or immediately over the top of the crest of 
the notch, the water issues into contact with the atmosphere, and so attains 
to atmospheric pressure, and must therefore have tho velocity due by gravity 
to its depth below the still- water surface -level. Here, however, its direction 
of flow is necessarily tangential to the plane face of the vessel from which 
it is shooting away, and consequently is vertically upwards. Hence the 
normal component of its motion is zero, and so the ordinate of the true 
curve at that place is zero in length, instead of the normal component 
being greater at the bottom of the orifice than at any higher level, and 
instead of that component being properly represented by the ordinate there 
of the parabola. 

Like explanations to those already given might be offered for other forms 
of orifices (for circular or triangular orifices or Y-notches, and for orifices 
in general which may be in vertical or horizontal or inclined plane faces, 
or in faces of other superficial forms than the plane), and it might be 
shown that in general the ordinary modes of treating the subject are very 
faulty. 

The examples already discussed may suffice to direct attention to the 
faulty character of the ordinarily advanced theories, and to give some sug- 
gestions of directions in which reforms are requisite. 

I will now proceed to offer some improved investigations which are appli- 
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cable to many of the most ordinary and most useful cases in practical 
hydraulics, in reference to the flow of water through orifices in thin plates, 
or from the wetted internal surface of vessels terminating abruptly in 
orifices. In devising and arranging these investigations I have aimed at 
putting them in such form as that they may be intelligible and completely 
demonstrative to students even in the early stages of their progress in 
dynamical studies. 

Definition . — The free level for any particle of water in a mass of statical 
or of flowing water is the level of the atmospheric end of a column, or 
of any bar straight or curved, of particles of statical water, having one end 
situated at the level of the particle, and having at that end the same pres- 
sure as the particle has, and having the other end consisting of a level 
surface of water freely exposed to the atmosphere, or else having other- 
wise atmospheric pressure there ; or briefly we may say that the free level 
for any particle of water is the level of the atmospheric end of its pressure- 
column, or of an equivalent ideal pressure-column. 

Theorem I. —In the case of steady flow from approximate rest of water 
or any liquid considered as frictionless and incompressible , the velocity of any 
particle in the stream is equal to the velocity which a body would receive in 
falling freely from rest through a vertical space equal to the fall of free level 
which is incurred by the p tr tide in the stream during its flow from rest to its 
exist i i\ g positio n . 

Or, in briofer words sufficiently suggestive, it may ho said that, in respect 
to water or any liquid flowing so as to admit of its being regarded as truly 
enough frictionless and incompressible, In steady flow , the velocity generated 
from rest is that due by gravity to the fall offre level . 

Or. if £ be the fall of free-level sustained by any particle in passing from 
a statical region of the mass of water to a point in the region of flow, and 
if v bo the velocity of the particle when at that point, then 

In fig. 5, let W L be the still-water surface-level, and let B'BB" be a 
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bounding interface separating the region of flow with important energy of 
motion from the region which may be regarded as statical, or as devoid of 
important energy of motion. Let IT U U" be another interface crossing the 
stream-lines at any place in the region of flow. 

Now taking as the unit of volume the cube of tho unit of length, taking 
as the unit of area the square of the unit of length, taking tho unit of 
density as unit of mass per unit of volume, so that the density of a body 
will be the number of units of mass per unit of volume, taking as the unit 
of force the force which acting on a unit of mass for a unit of time 
imparts to it a unit of velocity (that is to say, using the unit of force 
selected according to the system of Gauss, and which is often called the 
“ absolute ” or the “kinetic” unit of force*), and taking water-pressures 
as being reckoned from the atmospheric pressure as zero, let 

p = density of the water ; 
v= velocity at U ; 

pressure-height at B, or the height of a column of statical water 
which would produce the pressure at B ; 
h = pressure-height at U ; 

~ pressure in units of force per unit of area at B ; 

/>= pressure in units of force per unit of area at U ; 

/ = fall from B to U, measured vertically ; 

$ = fall of free level in the flow from the region of statical water to U ; 
then 

p b =u?K 

and 

p-'jph- 

Let a small mass, m, of the water, whose volume (or content voluminally 
considered) is denoted by c, be introduced into the stream, its first place 
being at B just outside of the initial interface B' B B ", and let it flow forward 
in the stream till it reaches a second place at U where it is just past the inter- 
face U' U U". In the stream filament B U E the space between the two inter- 
faces at B and U is traversed alike by both front and rear of the small mass 
m ; and therefore no excess of energy is given or taken by the mass in conse- 
quence of the pressure on its front and of that on its rear, for the passage 
of its front from the interface at B to that at U, and of its rear over the 
same space. 

* The units of force derivable by the method of Gauss from the various units of 
length, mass, and time, in common use, though spoken of under general designations such 
as “ absolute units of force" or “ kinetic units of force,” have until lately been individually 
anonymous: and this deficiency, notwithstanding the important scientific and practical 
uses which these units were capable of serwng, lias been a great hindrance and discou- 
ragement to their general employment in dynamical investigations, and e\on to an) satis- 
factory spread of knowledge of their meaning. Three )eara ago, the British- Association 
Committee on Dynamical aud Electrical Units (Bnt. Assoc. Report, 187A, part l, p. 222), 
taking the centimetre, the gram, and the second as units of length, mass, and time, 
named the force so derived tho Dyne. For tho unit of force derived from the foot, 
the pound, and the second, the name Poimdal has been introduced by myself, and it 
seems likely to come into use. At this Meeting of the British Association I have proposed 
the Grinal and the Funal as names for the two units of force derived respectively, one 
from the decimetre, the kilogram, and the second, and the other from tno metre, the 
tonne, and the second (see Proceedings of Section A in the present volume). Tho 
familiarization of these important units to the minds of students of dynamics will, 
in a very important degree, aid the acquisition of cloar and true views in hydrokinetics, 
as also in dynamics generally. 
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But work given to it by pressure from behind, while it is passing the 
initial interface at B, is 

=iV c 

= (/ph b .c; 

or that work is 

=gm\, 

since pc=ra. 

Again, during the emergence of the mass past the interface at U, it gives 
away to the water in front of it a quantity of work which, in like manner, is 

—p . c 
—yph . c 
= (jmh. 

Also during the passage of the particle from its first place at B to its place 
at U it descends a vertical space = /; hence during that passage it receives 
from gravity a quantity of work = gmf. 

On the whole the mass receives an excess of work beyond what it gives, 
and that excess of work received is 


=<j ,n 


aud as this is the work taken into store as kinetic energy, we have to put it 
mv ' 1 . ... 


That is, 


</'»<= 


mv * 


v =V*/<, 


which is the result that was to be proved in Theorem I. 


Theorem II. — On the Flow op Water through Orifices similar in form 

ANT) SIMILARLY SITUATED RELATIVELY TO THE ^TILL-WATER SURFACE-LEVEL. III 

the flowing of water, from the condition of approximate rest, through orifices 
similar in form and similarly situated relatively to the still-water surface- 
level*, the stream-lines in the different flows are similar in form: also the 
velocity of the water at homologous places is proportional to the square root of 
any homologous linear dimension in the different flows : and also (pressures 
being reckoned from the atmospheric pressure as zero) the pressure of the water 
on homologous small interfaces in the different flows is proportional to the cube of 
any homologous linear dimension ; or, in other words , the fluid pressure (super- 
ahiu/Sfrit- r#V'i. per unit of area at homologous places, is proportmial to any 
homologous linear dimension . 

Preparatively for the demonstration of this theorem, it is convenient to 
establish somo dynamic principles, which, for present purposes, may be 
regarded as lemmas or preparatory propositions, and which will be grouped 
here together under the single heading of Proposition A. 

Proposition A. — If there be two or more vessels containing water pent up in 
an approximately statical condition, and if they have similar orifices similarly 
situated relatively to the free level of the statical water — and if we imagine the 

* Or free level of the still water. 
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water to be guided in each case to and onward past the orifice by an infinite 
number of infinitely small friction! css guide- tubes arranged side by sale , like 
the cells of a honeycomb , and having their walls or septums * of no thickness — 
and if , in the different vessels, these ydd* cab s be, one set to another , similar 
in form, though they may be of quite different forms from the forms which the 
stream-lines would themselves assume if the flows were unguided — and if, at 
the homologous terminations of the guide-tubes, fluid pressures be anyhow main- 
tained proportional, per homologous areas, to the cube of any homologous linear 
dimension , or, tvhgt is the same, if pressures be maintained lyroportional , 
per unit of area, to the homologous linear dimension, — then the velocity of 
the water at homologous places will be proportioned to the square root of the 
homologous linear dimension, and the pressure of the water at homologous 
places on homologous areas will be proportional to the cube of the homologous 
linear dimension ; and the water will press , at homologous places, on homo- 
logous areas of the septums, with a force on one side in excess of that on the 
other, which will be proportional to the cube of the homologous linear dimension . 

Note. — F or brevity in what follows, pressures at homologous places on 
homologous areas will be called homologous pressures, and pressures per unit 
of area will be called united pressures ; and any difference of the fluid pres- 
sures on the opposite sides of any small portion or element of a septum will 
be called a differential pressure. 

The demonstration of the proposition will be aided b) lirst noticing tho 
following relation in respect to two small solid masses in motion. If two 
similar small solid bodies of masses m and m', haying tbeir homologous linear 
dimensions as 1 to n, are guided to move along similar curves, having likewise 
their homologous linear dimensions as 1 to n (iig. (>), and if the velocities of 
the bodies at homologous points in their paths bo as I to V n , then — 

First. Their gravities are as 1 to a 3 , evidently. 

Second. Their “centrifugal forces '* + applied by them in the plane of 
curvature and normally to the guide are also as 1 to n\ 

Let r and r be put to denote the radii of curvature of the paths at homo- 
logous places. Then coutrifugal forces are as n — : ^ — 

r r 

But 

m ssztdm, 
t/=v/a • v, 
r'=nr. 

* The English form for the plural of septum , when septum is used as an English word, 
is here purposely preferred to the Latin septa. 

t The name “ centrifugal force ” is here adopted in the sense in which it is commonly 
used. I fully agree with the opinion now sometimes strongly urged to the effect that 
this name is not a very happily chosen one; for two reasons: — first, beiause the name 
centrifugal would be better applied to a motion of fljmg from the centre, than to a force 
acting outwards along the radius ; and secondly, because the b<xly really receives no out- 
ward force, no force m the direction from the centre, but receives a centreward force which, 
being unbalanced, acts against the inertia of the body, and diverts tho body from the straight 
line of its instantaneous motion. The centreward force actually received by the body, and 
which is the force acting on it normal to its path, maybe called the deviafive force received 
by the body. This is equal and opposite to the outward force called “ centrifugal force,” 
which is not received by the body, but is exerted outwards by it against whatever is 
comiaBing ii to deviate from the straight line of its instantaneous motion. The name 
" eenirifugai force,” however, although objected to, is in too general uso throughout the 
world to allow of its immediate abandonment. 
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Hence the cent rifii<rn1 forces are 

mv 1 n^m . nv 2 

as — : , 

r nr 

or as 1 : n 3 . 

This being understood, it readily becomes evident that if, instead of small 
solid masses sliding along guides, we have two small homologous masses of 
water in and m', fig. 7, flowing in similar slender guide-tubes, and if homo- 

Eig. 0. Fig. 7. 



logous pressures be applied to the two masses in front and behind, which 
are as 1 to n*, and if at homologous situations iu their two paths their 
velocities be as 1 to V a, then, in respect to all the forces received by the two 
masses from without, other than those applied by the guide-tubes, and also 
in respect to the forces required to be received for counteracting their centri- 
fugal forces, we see that all these constitute force systems similar in 
arrangement and of amounts as 1 to w 3 . It therefore follows that the 
forces which the masses must receive from their guide-tubes must be similarly 
arranged and of amounts, on homologous small areas, as 1 to ri A . 

This being settled, wo may now pass to the demonstration of Proposition 
A, at present in question. 

Suppose No. 1 and No. 2 in fig. 8 to represent two similar vessels with 
similarly guided flows, in all respects as described in the enunciation of this 
proposition. Let W L and \V' L' be the still-water surface-levels, or the free 
levels of the still water in the two cases. Let BCD, B' C' D' be two similar 
bounding interfaces, each separating the region of flow with important energy 
of motion from the region which may be regarded as statical, or as devoid 
of important energy of motion. Let B TJ E in No. 1 and B' U'E' in No. 2 
be two homologous guide-tubes, and let them for the present be understood as 
terminating at two homologous cross interfaces E and E', which may con- 
veniently be understood as being each situated at a moderate distance outside 
of the orifice — for instance, at some such place as that which is usually 
spoken of as being the “ vena contracta ,” or whero the water has attained a 
pressure not differing much from that of the atmosphere, or it may in some 
cases even be that the atmospheric pressure is there attained ; but the exact 
places at which to suppose the homologous terminations E and E' of the two 
guide-tubes as being taken are not at all essential to the demonstration. 

Let homologous linear dimensions in No. 1 and No. 2 be as 1 to n. 

Let the velocity at any variable point U in the guide-tube B U E be denoted 
by v. 

Let the pressure at U, expressed in units of pressure-height, be denoted 
by h ; as shown by tho vertical line U T in No. 1, where T is the top of the 
pressure-column for the point U. 
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No. 1. 


Fig. 8. 


No. 2. 




Lot the pressure at B, the beginning of the tube, on the initial interface, 
outside of which the water may be regarded as statical, or as having no 
important energy of motion, bo denoted by h b ; or, what comes to the same 
thing, let the depth from the still-water surface-level down to the beginning 
of the tube at B be denoted by h b , as is marked in the figuro. It is thus to 
bo noticed that the fall of free level incurred by a particle in flowing along 
the guide-tube from B to U is the vertical distance from the still- water sur- 
face-level, W L, down to T, the top of the pressure-column for the flowing 
water at U. T his fall of free level may be denoted (in conformity with the 
notation in Theorem I.) by £. 

Let the vertical descent from B to U bo denoted by/; so that / is the fall 
of a particle in passing from B to U. In caso of an ascent in any guide- 
tube, from its beginning to any point U in its course, we shall have the full 
f negative. 

Let the abatement of pressure-height from B to U be denoted by k, or let 
h b —h=zk. Thus in case of an increase of pressure-height in any guide-tube, 
from its beginning to any point U in its course, k will be negative. 

For No. 2, let the same letters of reference to the diagram, and the same 
notation, be used as for No. 1, with the modification for No. 2 merely of the 
attachment of an accent to each letter. 

Now as a part of the data on which the present investigation under Pro- 
position A is founded, it is to be assumed that a unital pressure is somehow 
maintained at E', the end of tho guide-tube in No. 2, n times that which is 
anyhow maintained at tho corresponding point E in No. 1. Thus, if we 
denote these two pressures expressed as pressure-heights, at E and E' respec- 
tively, by h $ and (A*)', we have ( h e )'=nh e ; and hence the fall of free level 
from beginning to end in No. 2 is n times the fall of free level from beginning 
to end in No. 1. 
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Hence putting v t and (v„y to denote the velocities at E and E' respectively, 
wo have (by Theorem L, which proves that the velocities must be proportional 
to the square roots of the falls of free level) 

v e : ( v e )' : : s/ 1 : Vn, 

(v e y = v e */n (1) 

Again, from similarity of forms, wo have in respect to areas of cross- 
sections of the two guide-tubes : — 

area at E _area at E' 
area at U~area at U ' 9 

or since reciprocals of equals are equal : — 

velocity at E velocity at E' 
velocity at U velocity at U' 


or 

II 

>1* 


or by (1) 

v t v e *J n 
v v' 

or 

v' = vV^n. 


This applies to any or all homologous points in the two regions of flow. 

Now by referring to the figure or otherwise, it will readily be seen that 
or the fall of free level from B to U, is =zh b -\-f—h, while Jc=h b — h ; and 
that therefore £ =/-f k. Hence, by Theorem I., we have 

v = ^wf+Jcy 

In like manner in No. 2 : — 

i/=V2^+*'); 

but by (2) v' = V n . v. 

Hence */2g(f'+k')= V'n . 

or f + h* = n/-f- nk\ 

But by similarity of forms /' = nf. 

Hence, subtracting equals from equals, we have 


k' = nk ; (3) 

but by similarity of forms (h b y~nh b (4) 

Also, since the pressure at any point in a stream-line, or guide- tube, is its 
initial pressure minus the relief of pressure, we have 

(5) 

and (6) 



256 report — 1876. 


From this last by (4) and (3) we get 

nh b — nksih\ or n(h k —k)=:h ' ; 

whence by (5) h'^nh (7) 

From this, if we put P and P' to denote total pressures on homologous small 
areas at U and U', it follows that 

P'=n 3 P (8) 


This holds good for any homologous places in any homologous guide- tubes, 
and so it holds for immediately adjacent places in any two contiguous guide- 
tubes. Hence, in respect to any small element of the septum between two 
adjacent guided stream-filaments in Flow No. 1, considered comparatively 
with a homologous element of a septum in Flow No. 2, the homologous dif- 
ferential pressures in No. 1 and No. 2 will be as 1 to n 3 . 

Thus the demonstration is now completed of all that is included in Pro- 
position A; and we are ready to go forward to the demonstration of Theorem 
II., for which Proposition A was meant to be preparative. For this we have 
to observe that tho conclusions arrived at in Proposition A hold good, no 
matter what may be the forms of the guide-tubes, provided that they bo 
similar in both flows ; and no matter what may be the distribution of 
pressures throughout a terminal interface crossing the assemblage of guide- 
tubes in No. 1, provided that the homologous pressures throughout a 
homologous terminal interface in No. 2 be anyhow maintained severally n* 
times those in No. 1. Hence, if in Flow No. 1 the guide-tubes be formed so 
that the water shall flow along exactly the same paths as if it were left 
unguided, and were left free to shoot away, past tho interface at E, to a 
distance from the orifice great in proportion to the thickness of the issuing 
stream, without meeting any obstruction — and if the guide-tubes in No. 2 be 
similar to them — and if in No. 1 the system of pressures distributed through- 
out the terminal interface at E be made exactly the same as if the wator 
were flowing freely for a great distance past that terminal interface — and if 
in No. 2 the system of homologous distributed pressures throughout a homo- 
logous terminal interface at E' be anyhow maintained severally n 3 times those 
in No. 1, — it follows that the differential pressure on the two sides of any 
element of a septum in Flow No. 1 will be zero, as the guide-tubes have 
there no duty to perform. Then, on tho homologous septum element in 
No. 2, the differential pressure, being n 3 times that in No. 1, will be zero 
also. Hence in No. 2 the guide-tubes have no duty to perform, and tho 
water flows in them exactly as if it were left unguided, but had still through- 
out its terminal interface the stated system of distributed pressures somehow 
applied. 

Now, for completing the demonstration of Theorem II., nothing remains 
needed except to show that this stated system of distributed pressures 
requisite to be applied throughout the terminal interface at E' will very 
exactly be applied on that interface backwards by the water in front of it. 
which constitutes, for the time being, the continuation of the stream past 
that interface. 

For proof of this, conceive any cross interface F F (fig. 9) further for- 
ward in No. 1 than E E is, and conceive a similarly situated cross interface 
F' F' in No. 2. By exactly the same mode of reasoning as before (making 
use of the like supposed introduction and subsequent removal of guide-tubes), 
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that reasoning being now applied to the two flows commencing at the initial 
interfaces BCD and B' C' D', and continued to the terminal interfaces F F 
and F' F', it results that if the jet in No. 1 be allowed to flow freely to and 
far past the interface F F, the jot in No. 2 terminating at F' F' can be 
left to flow unguided, with stroam-lmes similar to those in No. 1 , and with 
the same relations of pressures and velocities at its various places to the 
pressures and velocities in No. 1 as have been already proved for the flow 
terminating at E' E\ provided that homologous pressures n 3 times those at 
F F be anyhow maintained at F' F'. Thus, then, we see that if adjusted 
or requisite pressure systems, such as have been already fully explained, be 
maintained at F F and F' F', the two streams, one extending backward 
from F F to E E, and the other from F' F' to E' E', will transfer backward 
just such pressures to successive places in retrograde order in their courses 
as that they will of themselves apply, at the interfaces E E and E' E', ex- 
actly the already specified requisite pressure systems. Thus we can depart 


Fig. 9. 

No. 1. No. 2. 



as far as we please from the orifices forward along the two streams to the 
places where, for purposes of reasoning, certain definite pressures are to be 
supposed to be applied in two homologous cross interfaces. Now it may be 
taken as ovident that, by going far enough away from the orifice to the 
terminal cross interface, we can make, for any disturbances or departures 
from the specified pressure relations, the effects propagated backwards to 
the water in and near the orifices as small as we please ; or that, even if 
we were to apply not exactly the strictly requisite pressure systems at those 
terminal places, still the effects of this departure from perfect exactitude 
would fade away rapidly in either stream as we transfer the place under 
consideration backwards against the current towards the orifice. In corro- 
boration of this, observation on the flow of water spouting from an orifice 
may be appealed to as setting this matter beyond doubt, through its showing 
that any changes of pressure introduced in a jet of water at any place far 
1876. 
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away from the orifice (as, for instance, by the insertion of a rigid obstruction) 
will transmit scarcely the slightest effect back to the region of the orifice ; 
or, in other words, that in a free-flowing jet spouting through the air, the 
effects of obstructions fade away rapidly in the direction contrary to the 
current, so as to become imperceptible at a very moderate distance taken 
back from the obstacle in the direction against the flow — very moderate 
relatively to the thickness of the jet. 

Even without this appeal to experimental observation, we might almost 
intuitively perceive, or might readily admit, that the introduction of more or 
less pressure than any stated amount in the stream, at a place where it has 
got well clear of the orifice, would be only very slightly influential on the 
flow as to pressures and as to velocities and directions of motion within the 
vessel and near the orifice and contracting vein. A reason for this is, that 
while an obstruction in a free jet will require a great change in mode of 
flow of the jet close in front of it, yet the jet approaching to that region 
need have its outer filaments turned aside only very slightly indeed to allow 
of all parts moving forward without any of their stream-lines, whether me- 
dial or at or near the surface, being subjected to almost any increase of 
pressure, and consequently without the velocities of any of them being almost 
at all retarded. This will readily be clearly understood by reference to 
fig. 10, where the water is shown as spouting agaiust a stone without being 


Fig. 10. 



made to thicken its stream sensibly in consequence of the obstruction, except 
for a very short distance at G in front of the stone — that is to say, in the 
back-stream direction from the stone. If w r e wore to suppose that the stone 
would have a tendency to produce, at such a place as K, any considerable 
increase of pressure in the internal or central stream-filaments of the jet, we 
would have to notice that the external stream-filaments next the atmosphere 
would fail to resist this augmented pressure ; and, instead, they would, with 
only a very slight change in their own velocities or pressures, yield a little 
outwards, and so would not exert on the internal filaments the confining 
action that would bo requisite for the maintaining of more than an extremely 
slight augmentation of pressure in those internal filaments. Then it is obvi- 
ous that if the pressure is very little augmented, the velocity must bo very 
little abated ; and so, for this reason, the stream will not tend to thicken 
itself except very slightly, because any considerable increase of cross-sectional 
area of the stream would require an important abatement of velocity, which, 
as said before, would require a great increase of pressure in the internal 
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filaments, whilo the external filaments would fail to exert that necessary 
confining pressure. These external filaments could, with vory little change 
in their own velocities, allow even of a great augmentation of the cross- 
sectional area of the jet if the internal filaments, by abated velocity, were 
requiring to become considerably thicker than before, in virtue of the intro- 
duction of the obstruction. It is only the rapid change of direction of motion 
of the particles of water in the outer filaments in the neighbourhood of G, 
eloso to the obstruction, that enables them, by what may be called their 
centrifugal force, to maintain a greatly increased internal pressure very close 
to the obstruction, and so to allow of the water in the internal Btroam-fila- 
ments abating its velocity, and of those filaments themselves swelling in their 
transverse dimensions. 

These considerations complete all that is necessary for the demonstration 
of Theorem II., and it may now be regarded as proved. 

Forme ia for the Flow of Water in the V-notch. 

From the foregoing principle we can find intuitively the formula for the 
quantity of water which will flow through a V-notch in a vertical plane sur- 
face, as in fig. 1 1. We can see it at once by considering any stream-filament 

Fig. 11. 



in the flow in one notch, and the homologous stream-filament in the simila 
flow in another notch similarly formed, but having its vertex at a different 
depth below the still-water surface-level. Let the ratio of the depth of the 
vertex of the one notch below the still-water surface-level to the depth of 
the vertex of tho other be as 1 to n, so that all homologous linear dimensions 
in the two flows will be likewise as 1 to n. Then, in passing from any cross 
section of one of the two homologous filaments to the homologous cross section 
of the other, we have the cross-sectional area oc n 2 , and the velocity of flow 
oc Vw; and the volume of water flowiug per unit of time, being as the cross- 
sectional area and the velocity conjointly, will vary as we pass from the one 
to the other of the pair of homologous filaments, so as to bo x n 2 V n. Then, 
as this holds for every pair of homologous stream-filaments throughout the 
two flows, if we put Q to denote tho quantity, reckoned voluminally, flowing 
per unit of time in each of the two entire flows, we have 

Qx nf. 

Now, as well as considering two separate notches with different streams 
flowing in them at the same time, we may, when it suits our purpose, con- 
sider one single notch with streams of different depths flowing at different 
times ; and if in various cases, either of the same V-notch or of different but 

s 2 
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similar V-notches, we denoto the height of the still-water surface-level above 
the level of the vertex of the notch by h f we have 

Q =cht 9 (9) 

where c is a constant coefficient, which cannot be determined by theory, but 
can bo very satisfactorily determined by experiment for any desired ratio of 
horizontal width to vertical depth to be adopted for the form of the notch. 
Experiments determining the values of c for certain forms and arrangements 
of V-notches, suited for practical convenience and utility, have already been 
made by myself, and have been reported on to the British Association ; and 
the Reports on them are printed in tho British Association volume for Leeds 
Meeting, 1858, and in that for Manchester Meeting, 1861. 

Investigation of a Formula for the Flow of Water in a Rectangular 
Notch with Level Crest in a Vertical Plane Face. 

It is to be premised that the long-known and generally used formulas for 
the flow of water in rectangular notches, brought out by tho so-called 
“ theories ” which I have dissented from in the earlier part- of the present 
paper, have been mainly of the form 

Q,=cgU\ 

where Q denotes tho volume per unit of time, 

L denotes the horizontal length of the notch, 

h the vertical height from the crest of the notch to the still- water 
surface-level, and 
g the coefficient for gravity, 

and where c has either been taken as a constant numerical coefficient for 
want of accurate experiments to determine its values for different values of 
L and /*, or has been treated as a variable. Poncelet and Lesbros have 
taken this latter course, and have deduced by experiments extensive tables 
of its values for different depths of water in notches of the width on which 
they experimented — a width, namely, of 20 centimetres*. As, however, the 
coefficient for terrestrial gravity varies but little for different parts of the 
world, it has most frequently been left out of account, a single coefficient o' 
being used instead of eg ; so that if, for instance, when the foot and second 
are used as units of length and time, we take 32-2 as a correct enough state- 
ment of the value of g for any part of the world, we have e = 32-2c. 

A new formula, involving an important improvement in its form and 
adjusted so as to be in due accordance with numerous elaborate experiments, 
was developed within or about the time from 184G to 1855, in America, by 
Mr. Boy den and Mr. Francis, both of Massachusetts. It is 

Q=3-33(L-^n7i)^, 

where Q is the quantity of water in cubic feet per second, 

L is the length of the notch in feet, 

h is the height from the level of tho crest to tho still- water surface- 
level in feet, and 

n is the number of end contractions, and must be either 0, 1, or 2. 

* M&moires de l’Acactemie des Sciences : Sciences Math6mntiques et, Physiques, tomeiii. 
1820 . 
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This formula was offered by Mr. James B. Francis, in his tfork entitled 
44 Lowell Hydraulic Experiments/’ and published at Boston in 1855, not as 
one founded on any complete theoretical views, but as one depending on 
several assumptions probably not perfectly correct, and yet as one which, 
through numerous trials and by adjustments introduced tentatively in fitting 
it to experimental results, had boen brought out so as to agree very closely 
with experiments. 

In § 120, at page 72 of his work, Mr. Francis says : — “ No correct formula 
44 for tho discharge of water over weirs, founded upon natural laws, and in- 
44 eluding the secondary effects of these laws, being known, we must rely 
44 entirely upon experiments, taking due care in the application of any formula 
44 deduced from thence not to depart too far from the limits of the experiments 
44 on which it is founded.” And in §§ 123, 124, at page 74, in respect to the 
conception of the formula, he further gives the following very clear expla- 
nations : — “ The contraction which takes place at the ends of a weir dimi- 
44 nishes the discharge. When the weir is of considerable length in proportion 
“ to the depth of the water flowing over, this diminution is evidently a con- 
44 stunt quantity, whatever may be the length, provided the depth is the same ; 
44 we may, therefore, assume that the end contraction effectively diminishes tho 
44 length of such weirs, by a quantity depending only upon the depth upon 
44 the weir. It is evident that the amount of this diminution must increase 
44 with the depth ; we are unable, however, in the present state of science, to 
44 discover the law of its variation ; hut experiment has proved that it is very 
44 nearly in direct proportion to the depth. As it is of great importance, in 
44 practical applications, to have the formula as simple as possible, it is assumed 
44 in this work [ Mr. Francis’s bookj that the quantity to be subtracted from 
44 the absolute length of a weir having complete contraction, to give its effective 
44 length, is directly proportional to the depth. It is also assumed that the 
44 quantity discharged by weirs of equal effective lengths varies according to a 
“ constant power of the depth. There is no reason to think that either of 
44 these assumptions is perfectly correct ; it will bo seen, however, that they 
44 lead to results agreeing very closely with experiment. 

44 The formula proposed for weirs of considerable length in proportion to 
44 the depth upon them, and having complete contraction, is 

44 Q = C(L -bnh)h a ; 

44 in which (l=the quantity discharged in cubic feet per second ; 

44 C = a constant coefficient ; 

44 L=tho total length of the weir in feet ; 

44 6 = a constant coefficient ; 

44 ?i = the number of end contractions. In a singlo weir having com- 
plete contraction, n always equals 2 ; and when tho length 
of the weir is equal to the width of the canal leading to it, 
n= 0; 

“ /i = the depth of water flowing over the weir taken far enough 
upstream from tho weir to be unaffected by the curvature 
in the surface caused by the discharge ; 

44 a=a constant power.” 

This formula, Mr. Francis statos, was first suggested to him by Mr. Boyden 
in 1840. 

The important novel feature in this formula consists in the subtraction 
which it makes, from the length L of the notch, of a length for each end 
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contraction directly proportional to the height of the still-wuter surface-level 
above the crest in order to find what may bo treated in the formula as the 
effective length . 

The formula in its general form here last noted expressed only in symbols, 
as also in its subsequently developed form hero previously stated with 
numerical coefficients arrived at by tentative application of numerous expe- 
riments, is thus to be regarded as an ingeniously arranged and valuable 
empirical formula, but not as one founded on any trustworthy hydrokinetic 
theory. It is founded partly on the old ordinary false u theoroticol ” views, 
and partly on good conjectural assumptions, and is adjusted and approxi- 
mately verified by elaborate experiments conducted on a scale unusually 
large, and with unusually good means for attainment of exact results. 
Mr. Francis, it is to bo noticed, explains that, in the formula ns finally 
brought out, the index for the power of the height of the water is taken as 
an exact fraction, %, in preference to some unascertained fractional expression, 
different in no great degree from , merely for the attainment of facility in 
calculations in the practical applications of the formula, and not for any 
theoretic reason. Also it is to be noticed, in respect t<> the value which 
he assigned for the sunbol h % that the s\ rnhol itself was lir.">t assumed as a 
constant rather than some unknown variable dependent on 7t, and was after- 
wards fixed at the particular value ^ for the sake, in both eases, of attaining 
a convenient degree of simplicity which by trials was found to be at tainable, 
consistently with good accordance between the representations afforded by 
the formula and the results shown by expel iments. lie supposed, however, 
that “ many other values of a and b (probably an unlimited number) might 
“ be found that would accord somewhat nearer with the experiments 

Many years ago, after my having become acquainted with the empirical 
formula thus made out by Mr. Hoyden and Mr. Francis, it occurred to me as 
desirable to attempt to investigate by hulrokiuotic principles, without special 
experiments, a true formula for the flow of water in rectangular notches in 
vertical thin plates, or vertical plane faces, on the hypothesis of the water 
being a perfect or friction less fluid, and by using in the formula symbols 
for constant coefficients, which, after the finding of the formula, might be 
determined by a small number of accurate experiments, and might further 
be tested as to their trustworthiness, or might be amended so as to become 
more exact, by a large number of varied experiments. It will be interesting 
to notice that the formula which had previously been anived at in America 
by Mr. Bovden and Mr. Francis in the way already described is in perfect 
agreement with the formuju which, by my own investigation, is brought out, 
by strict scientific principles as a highly exact formula for water considered 
as a perfect fluid, and as being u very satisfactory representation of the truth 
for real water. 

It is to be noticed at the outset that obviously a notch may be made so 
long relatively to the depth of its crest from the still- water surface-level, 
that, for any additional length, the increase of the flow will he proportional 
to the additional length. Lot mh, in which m is a constant multiplier, be 
such a length as that, for additional length, the additional flow will be pro- 
portional to the addition made to the length. In fig. 12 let A H be tho crest 
of the notch, and let C 1) be the level of the still-water surface of tho pent-up 
water. Let AE and BF be each equal to %mh, so that, over tho part EF 

* Lowell Hydraulic Experiment*, § 150, p. 118; § 153, p. 110; and the passage quoted 
above from § 123, p. 74. 
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of the crest there will flow a quantity of water exactly proportional to the 
length of E F if the width of the notch be varied while the depth h of the 
water remains unchanged. Let the length E F be denoted by l ; then 

l — L — mh. 

Now, out of the entire flow, conceive the middle portion which flows over 
E F, and may be regarded as bounded laterally by two vertical planes per- 
pendicular to the plane of the orifice, one passing through E R and the other 
through F S, to be taken away ; and suppose the two remaining parts which 
flow over AE and BF, with the necessary lateral parts of the notch -plate, 
to be brought together as shown in fig. 13, so a3 to form one notch having 


Fig. 12. 



mh for its width and h for the height from crest to still-water level, and in 
which, therefore, the width of the notch shall bear a constant ratio to the 
height of the water, when the height varies, the width being always m times 
the height. 

Then, by exactly the same mode of procedure as that already used for 
finding a formula to show liow the quantity of water flowing in a V- notch 
varies with the depth of the vertex or with any other linear dimension of the 
flowing stream, we can readily see that if we put Q' to denote the volume of 
water flowing per unit of time in the case represented in fig. 13, we shall 
have 

Q ’ = a hWh, (10) 

where a is a constant coefficient. 

Next to find an expression for the quantity (voluminally reckoned) flowing 
over the middle part E F of the crest, we may consider, first, of that middle 
part, a portion 0 K taken always of a length bearing a constant ratio to h ; 
and for simplicity we may take it of length equal to A*. Now in this stream, 

* Or, to meet the case in which there might not be, between E and F, a length so great 
as h, we might as well consider, in another notch haying great width and having a height 
of flow equal to A, a portion of the flow not near either lateral extremity of the notch, and 
occupying a length of the crest equal to A. 
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since the width has in general a constant ratio to the depth, or, in the case 
more particularly considered, since the width is equal to the depth, the 
quantity flowing per unit of time will, as in the preceding case, be propor- 
tional to the | power of the depth ; or we have 

Flow over G K=/3/i J V% where /3 is constant. 

Hence if q. be the flow, in units of volume per unit of time, over a unit of 
length in E F, we have 

AV*. 


By multiplying this by l wo get the quantity flowing over the entire middle 
part E F per unit of time ; and so, denoting that quantity by Q", we have 


or 


G"=/3//iV% 

Q "m(3(L-mh)h)/h. 


( 11 ) 


Adding the expressions for Q' and Q" together, wo get for the total flow in 
the whole notch, which we may denote by Q, 

Q=/3(L — mh)h V/i -f a/t'V/i, 

Q=/3L7i ^h — (/3w — a)hr V h, 

But ^ 7n --- a is a constant ; and let it be denoted by 2b ; and instead of the 
constant /3 we may, in order now to use English letters, put a. Then 


or 

or 


Q =«(L-26/i)A*, (12) 


which is the desired formula for the flow of water in a rectangular notch 
with two end contractions. 

This formula admits of easy modification to give a formula suitable for a 
notch with only one end contraction*, thus: — 

Let the width of the notch with only one end contraction be denoted by L 
(as in fig. 14). Then conceivo a notch twice as wide with two end contractions 
as shown in fig. 15. The flow in this double space will, by the formula last 
obtained (12), be seen to be ~a(2L — 2bh)hl ; and so if we put now Q to 
denote the flow in the notch under consideration (shown in tig. 14), which 
will be half the flow in fig. 15, we have for the notch with only one end 
contraction 

U (13) 


4 It is to be understood that contraction may be prevented at either end of a notch by 
there being a vertical plane side face for the channel of approach to the notch, that side 
lace being perpendicular to the plane of the notch, and extending up-stream from the 
notch so as to reach beyond the region of incipient rapid flow to the notch, and extending 
for a little way down-stream past the notch, so as to afford the necessary guidance to the 
issuing »♦ ream-filaments. In like manner, by two parallel vortical sido walls or side faces 
to the channel, when the crest of the notch extends quite across from the one wall-face to 
the other, contraction may be prevented at both ends. 
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Fig. 14. 



Also from (11), by changing, as done before, the letter into the English 
letter u, we see that for a notch with no end contraction (contractions being 
prevented at both ends by vertical guiding side faces perpendicular to the 
plane of the notch) we would have 

Q,=«LA* (14) 

Now the throe formulas (12), (13), and (14) may be combined so as to he 
expressed together, thus : — 

(15) 

where n is the number of end contractions, and must be either 2, 1, or 0. 

To determine the constants a and />, all that would be necessary would be 
to have two very accurate experiments on tho How of water in one notch at 
different depths, or in two notches of the same kind with the ratio of the 
width to the depth not the same in both. Then, putting into the formula 
the measured values of L, h, and Q for tho one experiment, and then again 
those for the other, we would have two equations with two unknown sym- 
bols, and so we could find the numerical values of those symbols. It would, 
of course, be desirable, for experimental verification of the theory on which 
the formula is founded, as also for mutual verification or testing of the expe- 
rimental results themselves, to have numerous experiments on the flow for 
various depths in various notches of different widths, so as to find whether 
the formula would fit' satisfactorily to them all, or to all of them that, after 
comparison, would he found trustworthy — provided that the width of the 
notch he not too small in proportion to the depth of the flow, or that in all 
cases tho width he sufficient to allow of there being at least some small part 
in the middle whore the rate of flow per unit of time would be proportional 
to tho length of the part of the crest to which that flow would belong. 

Mr. Francis's experiments and his reductions of the results carried out iu 
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his own way give the formula complete, with its numerical coefficients, as 
follows* : — * 


where Q=the discharge in cubic feet per second ; 

Lssthe length of the notch in feet; 

w=the number of end contractions ; 

Zt=the height from the crest to the still- water surface-level in feet. 

Mr. Francis also states that this formula is not applicable to cases in which 
the height h from the crest to the still-water surface-level exceeds one third 
of the length, nor to very small depths. In the experiments from which it 
was determined the depths varied from 7 inches to 19 inches ; and he remarks 
that there seems no reason why it should not be applied with safety to any 
depths between 6 inches and 24 inches. 


Report of the Anthropometric Committee , consisting of Dr. Beddok, 
Lord Aberdare, Dr. Farr, Mr. Francis Galton, Sir IIenry 
Rawlinson, Colonel Lane Fox, Sir Rawson Rawson, Mr. James 
Heywood, Dr. Mouat, Professor Rolleston, Mr. IIallett, Mr. 
Fellows, and Professor Leone Levi. 

The Anthropometric Committee have been engaged during the past year 
in preparatory work. They have secured the cooperation of gentlemen hold- 
ing positions under Government as inspectors of the army, of the navy, of 
factories, and of pauper schools. They have prepared schedules and instruc- 
tions, and have had them printed ; and they have purchased a small outfit of 
instruments to send to places where measurements are to be made in large 
numbers. 

Under these circumstances they are unable to make a report of anthropo- 
metric results ; neither have they been called upon to expend more than a 
small portion of tho grant of .£100 that was made to them in 1875, the 
larger part of which will be required to pay for the reduction of observations. 
Consequently they ask that the Anthropometric Committee may be reap- 
pointed, with modifications, and that the grant may be carried forward to the 
year 1876. 


* Lowell Hyd. Exp. § 164, page 133. 
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On Cyclone and Rainfall Pei'iodicities in connexion with the Sun-spot 
Periodicity . By Charlep Meldrum. 

[Printed in extenso by the authority of the Council.] 

In continuation of the paper on this subject published in the Report for 1874 
(pp. 218-240), I beg to submit the following brief discussion of the cyclones 
of the Indian Ocean, between the equator and 34° S., in the years 1868-75, 
and of the rainfall in different places from 1854 to 1872. 


Cyclones . 

The number of cyclones in each year, the positions of their centres at noon 
on each day, their extent, duration, &c. have been approximately determined 
in the way already described, and the results are given in Table I. 

From that and the similar Table given in 1874 we obtain the following 
general results for the twenty years 1850-75: — 


Wars. 

Number 

. of 

i ycloues. 

Total 

distance 

tra- 

yersed. 

Sum 

of 

radii. 

Sum of 
areas. 

Dura- 

tion 

in 

da) s. 

Sum of 
total areas. 

Rela- 

tive 

areas. 

Wolf’s 

relative 

sun-spot 

numbers. 

IS."*!. 

0 

miles. 

850 

miles. 

815 

sq. miles 
350,408 5 

20 

sq. miles. 

1,221,031 0 

100 

42 

1857. 

5 

1850 

740 

3.54,820 0 

10 

1,270,130 0 

104 

21-6 

1858. 

12 

3880 

1050 

775,215 8 

30 

2,800,781-7 

2-37 

509 

1859. 

14 

50-10 

2020 

1,107,440 4 

48 

4,800.189-9 

304 

96-4 

1860. 

13 

8054 

3131 

2,020,0200 

01 

13,010,780-7 

11-14 

08-6 

1801. 

12 

8730 

2861 

2,340,5521 

72 

14,937,090-7 

12-23 

77-4 

1802. 

14 

0140 

2008 

2,400,879-1 

57 

1 1,370,279-7 

9-53 

59-4 

1803. 

0 

0320 

2137 

1,590,155-7 

50 

7,550,447 3 

0-18 

444 

18(>4. 

7 

4020 

1341 

j 870,028-5 

30 

4,803,009-5 

i 4-00 

40-9 

1805. 

8 

3070 

1420 

j 904,150-4 

28 

3,300,400-1 

2 78 

30-5 

1860. 

8 

; 3130 

, 000 

1 509,001*2 

44 

2,702,221-2 

2-20 

16-3 

1807. 

0 

2280 

: 881 

j 415,106 0 

27 

1,014,820-5 

1-57 

7-3 

1808. 

0 

1 4100 

! 1220 

: 589,725-5 i 

34 

2,612,102-3 

214 

37*3 

1800. 

10 

i 4300 

1 loot) 

, 834,409 0 

36 ! 

3,010,078 0 

2-47 

73 9 

1870. 

10 

4010 

; 1832 

; 739,734-1 

02 

3,830,051 -8 

3T3 

1391 

1871. 

13 

| 4710 

; 1885 

| 908,043 5 

40 

3,828,605 5 

313 

111*2 

1872. 

12 

1 7020 

i 1830 

! 954,732-2 

48 

5,030,027 0 

412 

101-7 

1873. 

11 

: 5105 

; 1510 

! 714,871-2 

40 

3,781,022-7 

3-09 


! 1874. 

12 

| 4085 

- 1510 

676,3800 

40 

3,447,006 0 

2-82 


I 1875. 

8 

1770 

' OR) 

390,409 8 

30 

1,700,861-8 

130 



It will bo seen that, on the whole, the number of cyclones increased from 
1857 to 1802, decreased from 1862 to 1867, then increased to 1870, and 
again decreased to 1875. 

The distances traversed had nearly a similar progression, increasing from 
1856 to 1861, decreasing from 1861 to 1867, then increasing to 1872, and 
again decreasing to 1875. 

The areas have been determined by finding as nearly as possible the radii 
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of the spaces (considered more or less circular) over which the wind blew 
with the force of a “ strong gale.” They therefore are not the entire areas. 
But, apart from this, owing to incomplete information, the radii are not known 
for each day, and hence the areas are only rough approximations. There is 
no doubt, however, that they increased from 1856 or 1857 to 1860, decreased 
from 1860 to 1867, increased from 1867 to 1872, and then decreased to 
i875. . 

On the whole, there was a similar progression in the duration of the 
cyclones, the smallest number of days being in 1856, 1857, 1867, and 1875, 
and the greatest in 1861 and 1870. 

The total areas, i. e. the products of the mean area of each cyclone by the 
number of days it lasted, increased from 1856 to 1861, decreased from 1861 
to 1867, increased from 1867 to 1872, and then decreased to 1875. 

It is to be remarked, however, that the total areas for the years 1860-62 
were much greater than those for the years 1870-72. This may be owing 
partly to the radii for the latter years having been underestimated. On the 
other hand, the number of cyclone-days in the years 1870-72 was somewhat 
greater than in the years 1859-61. 


Rainfall. 

A sufficient number of rainfall returns for the years 1873-75 have not yet 
been obtained ; but the annual mean rainfalls at seventy-seven stations from 
1854 to 1863, and at seventy-two stations from 1864 to 1872, are given in 
Table II., in which all the rainfall observations at my disposal have been 
used, except a few Prussian and Mauritius ones, which would not have affected 
the general results. 

The Table shows that, with hardly an exception, the sun-spots and rain- 
fall were both above or both below their respective averages in the same 
years. 

By taking the longer period 1843-72, and expressing the amounts of rain- 
fall and sun-spots in percentages, we get the following results ; — 


Years. 

Difference 
from 
mean of 
sun-spot 
numbers. 

Difference 
from 
mean of 
rainfall. 

Yeurs. 

Difference 
from 
moan of 
sun-spot 
numbers. 

Difference 
from 
mean of 
rainfall. 

1843. 

-083 

-015 

1858. 

+0 06 

- -030 

1844. 

-0 75 

- 038 

1859. 

+ 101 

+ 022 

1845. 

-0 28 

- 032 

1860 

+ 106 

+ 002 

1846. 

-0-09 

— 005 

1861. 

+0-62 

+ ■082 

1847. 

-f-0'54 

4- *018 

1862 

+0 24 

+ 055 

1848. 

4-0-95 

+ •045 

1«63. 

-0-07 

- -005 

1849. 

4-0 86 

+ •050 

1864. 

-025 

- -057 

1850. 

4-025 

+ 012 

1865. 

-0 51 

-065 

1851. 

4*0-20 

+ *002 

1866. 

-0-74 

-032 

1852. 

4-0*02 

-002 

1867. 

-0-88 

— *002 

1853. 

-0 27 

-•037 

1868. 

-0-41 

+ 012 

1854. 

-0-60 

- 055 

1869. 

+018 

+ 010 

1855. 

-0-86 

-060 

1870. 

+ 1-22 

+ 002 

1856. 

-0-91 

-057 

1871. 

+0-77 

+•037 * 

1857. 

-0-55 

-055 

1872. 

+0 62 

+•100 
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In this year no severe 
cyclone took place. 


o 

o J* 

r$ 

square miles. 

5146095 1 

141372*0 

494802-0 

1809560 

4021250 

180956 0 

1914820-5 | 

Dura- 

tion. 

k m in t* m t* 

•3 


Area, nr 2 . 

square miles. 

102921-9 

706860 

706860 

45239 0 
80425*0 
45239*0 

415196*9 

Mean 

Radius. 

miles. 

181 

150 

150 

120 

160 

120 

i—H 

§8 

Distance 

traversed. 

miles. 

660 

240 

600 

Stationary ? 
540 

240 

2280 

Number of 
Cyclone. 

H H H K I> H 

CO 

Date. 

1867. 

January 15 to 19 

| February 1 „ 2 .... 

14 „ 20 

April 11 „ 14 

May 24 „ 28 

| December 15 „ 18 

Total 
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CD 

a 

eg 

1 

The cyclones of this year 
were generally remarkable 
for their severity, duration, 
and the distances travelled 
by them. In no year since 
1860 did so many violent 
storms take place. The 
severest and longest was 
No. III. 


This year also was rather 
rern . rkable for cyclones. 
The severest were Nos. I., 
III., and V. 


Total Cyclonic 
Area, D^r*. 

square miles. 

628320 0 
353430*0 
2171474*4 
321700*0 
203575*6 
753984 0 
272376*6 
31416*0 
135717*0 
45239*0 
25447*0 
94248*0 

5036927-6 

673480*5 
3166730 
1005312*0 
369452 4 
645127 8 
502656*0 
25447*0 
135717*0 
50894*0 

31416 0 
25447*0 

3781622-7 

Dura- 

tion. 


$ 

i>t'-aoccco^^co'n»-i^ 

9 

Area, ttt 2 . 

square miles. 

1256640 

706860 

180956-2 

80425-0 

101787-8 

125664-0 

90792-2 

31416-0 

45239-0 

45239-0 

254470 

314160 

954732*2 

96211 -5 

45239 0 
125664*0 
61575*4 
107521*3 
125664*0 

25447 0 

45239 0 
254470 

31416 0 

25447 0 

714871*2 

Mean 

Radius. 

miles. 

200 

150 

240 

160 

180 

200 

170 

100 

120 

120 

90 

100 

1830 

175 

120 

200 

340 

185 

200 

90 

120 

90 

100 

90 

1510 

Distance 

traversed. 

miles. 

770 

850 

2470 

390 

100 

1500 

280 

Stationary? 

920 

Stationary ? 

340 

7620 

1180 

680 

1250 

700 

815 

570 

Stationary. 

»> 

” 

»> 

Oi 

Number of 
Cyclone. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VHI. 

IX. 

X. 

XI. 

XII. 

<n 

r-H 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX 

X. 

XI. 

- 

Date. 

— — 

1872. 

January 29 to Feb. 2 ... 
February 5 „ 9 

9 „ 20 

20 „ 23 

March 12 13 

14 „ 19 

April 2 „ 4 

15 

May 4 „ 6 

20 

July 12 „ 14 

October 31 „ Nov. 2 ... 

Total 

1873. 

January 6 to 12 

19 „ 25 

February 2 „ 9 

18 „ 23 

March 8 „ 13 

18 „ 21 

April 17 

May 5 „ 7 

24 „ 25 

October 15 

November 11 

Total 
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First Report of the Committee , consisting of "Dr. Joule, Prof. Sir W. 
Thomson, Prof. Tait, Prof. Balfour Stewart, and Prof, Maxwell, 
appointed for the purpose of determining the Mechanical Equivalent 
of Heat . 

We are able to report that progress has been made with the experiments 
undertaken by Dr. Joule on behalf of the Committee. Friction of water is 
the method he has employed ; and the average result of upwards of sixty 
experiments is 773T in British gravitation units at Manchester, the greatest 
deviation from the above average being 

Experiments * have yet to bo made on the capacity for heat of the brass 
of which the calorimeter is constructed, which has provisionally been calcu- 
lated from the results of Regnault for this alloy. The greatest possible error 
which may have arisen in this way is believed to be ^ 0 -. Dr. Joule also 
proposes to compare his mercurial thermometers with the air- thermometer, 
with a view to obtain accurate boiling-points, and thus correct values of the 
thermometric scale. The greatest correction which it may be found needful 
to apply on this account amounts to about -j^-. These maximum corrections, 
if taken in the same direction, would necessitate the addition of 4-5 to the 
equivalent above named. 

The experiments made by Hirn on the friction of water have led him to 
the number 78G. But the average of his results, derived from the friction, 
boring, and crushing of metals, gives 774. 

Assuming that the above experiments and those made by Dr. Joule for the 
Committee on Standards of Electrical Resistance are to be relied on, the unit 
issued by it would appear to have a resistance too small by A-. 

The Committee are happy in being able to state that Professor Maxwoll 
has been working some time with a view to the redetermination of this unit, 
and that ho has also undertaken fresh direct experiments for determining the 
dynamical equivalent of the thermal unit. 


Report of the Committee appointed for the purpose of promoting 
the extension , improvement , and harmonic analysis of Tidal Obser- 
vations . Consisting of Sir W illiam Thomson, LL.D., F.R.S. , Prof. 
J. C. Adams, F.R.S. , J. Oldham, William Parses, M.Inst.C.E., 
and Admiral Richards, R.N . , F.R.S, Draw up by Sir William 
Ti^omson. 

Since the publication in 1873 of the Committee’s Report for 1872, a large 
amount of work has been gone through in the way of harmonic analysis, ex- 
hausting the funds at the disposal of the Committee for this purpose, but none 
of the results have hitherto been published. They are now offered for publi- 
cation in this final Report of the Committee, and along with them, by permission 

* [These experiments, up to the present date, show a smaller capacity than that antici- 
pated, bringing up the equivalent to 774*1, which will be subject to a small correction, 
possibly amounting to on account of the thermometrio scale error. — Note, November 
IS, 1876. — J. P. J.] 
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of the Council of the Royal Society, some further results obtained by aid of 
grants of £100 and £50 made by it to Sir W. Thomson out of the Govern- 
ment-Grant Fund for scientific investigation. The work has been all done, as 
heretofore, for the Committee, under the superintendence of Sir W. Thomson, 
by Mr.Roberts and assistant calculators working under his immediate direction, 
according to the plans described in the Reports for 1868 and 1869 and sum- 
marized in the Report for 1872. The work done for the Committee consists 
of the full harmonic reduction of: — 

(1) Ten years’ observations taken by the self-registering tide-gauge at 
Helbre Island, at the junction of the Mersey and the Dee. 

(2) Two years of Kurrachee, in addition to the three years previously 
analyzed and published. 

(3) Two years’ tidal observations by self-registering tide-gauge at San Diego 
(lat. 32° 42' N., long. 117° 13' W.) on the coast of California, and one year’s 
observations at Fort Clinch, Fernandina (30° 43' 1ST., long. 81° 27'^.), Florida. 
The work of the Royal Society consists of full harmonic reductions for three 
years’ observations by self-registering tide-gauge of West Hartlepool ; nine 
months of Port Leopold; 119 days of Beechey Island; one year of Brest; 
and (a first attack on Mediterranean tides) one year of Toulon. 

Helbre Island , 1858 to 1867 inclusive . — The results for Helbre Island have 
been found from nearly ten years’ consecutive observations taken by a self- 
i ( i:L:i i hig \ . < ‘ Great Helbre, about eight miles direct or sixteen miles 

by water-channels from the tide-gauge at Liverpool, on the 8t.George’s landing- 
stage. Both these tide-gauges are under the charge of Captain Graham H. 
Hills, R.N., Marine Surveyor to the Board of the Mersey-Dock Estate ; and 
the Committee is indebted to him for the loan of the tide-diagrams from which 
the present results are obtained. The float of the Helbre Island tide-gauge 
works in a well, into which the tidal water is admitted by a pipe below 
low-water level. This connecting pipe is kept free by about once every month 
closing its mouth, and allowing the water to rush out at low water. The 
tide-gauge clock is kept accurately to Greenwich mean time by time-signal 
from Bidstone Observatory. In the y <, ars 1860, 1863, and 1864, on account 
of accidental interruptions, the observations only began on March 1, March 29, 
and June 3 respectively ; in each of the other seven years the observations 
began on Jan. 1. The results of the harmonic analysis are given in the Tables 
below. The datum-level from which the mean heights A 0 are calculated is 
the same as that used for Liverpool, being 12 feet below the level of the “ old 
dock sill.” 

The results shown in the Tables for the separate years agree fairly well to- 
gether. For example, the extreme difference for tho value between the ampli- 
tudes of the solar semidiurnal (R 2 of 8) is '0879 of a foot, or scarcely more 
than an inch, and tho opoclis of tho same tide 2°'l of tho circle, or 4*2 minutes of 
time. The amplitude of the mean lunar semidiurnal tide (R 2 of M) varies from 
year to year, on account of the varying inclination of the moon’s orbit to tho 
earth’s equator, very nearly in accordance with the equilibrium theory as 
set forth in Tables II. and II'. (pp. 305 & 307). 

The variations which the Tables show in the values of tho lunar declina- 
tional diurnal tides (R T of O) and the lunisolar declinational diurnal and 
lunisolar declinational semidiurnal (R 1? R a of K) are likewise perfectly 
accounted for. 

Tho following comparison between the evaluated results of the mean solar 
and mean lunar semidiurnal tides and their overtides, and of the compound 
Helmholtz lunisolar quarter-diurnal tide of Liverpool and Helbre Island, is 
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exceedingly interesting, and demonstrates the very rapid formation of overtides 
in channels where the rise and fall is great in comparison with the depth at 
low water. The results for Liverpool (Report 1872) are the means of seven 
years’ reductions, and for Helbro Island of ten years’. The value of the main 
tides are approximately equal at both places, the solar and lunar semidiurnal 
tides at Helbre Island being only about one and two per cent, respectively 
less than the corresponding tides at St. George’s landing-stage at Liverpool. 

S. M. MS. 

Liverpool. Helbre Island. Liverpool. Helbre Island. Liverpool. Helbre Island. 
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The results for Kurrachoe form a continuation of the three years’ results 
included in tho Report for 1872. The previous results are given, quoted 
below from the Report of 1872, along with the new results for the sake of 
comparison. The results for the whole fivo years thus now given together 
agree very fairly with one another, and form a very valuable set of tidal com- 
ponents for this portion of tho Indian Ocean. 

Through the kindness of Professors Peirce and Hilgard, of the United-States 
Coast Survey, two years’ tidal observations taken at San Diego on the coast 
of California, and one year’s observations taken at Fort Clinch, Fernandina, 
Florida, have been placed at the disposal of the Committee. The harmonic 
analysis has been completed for these observations, and the results are given 
below. The Committee are also indebted to the United- States Coast Survey 
for the observations at Fort Point, California, and Cat Island, Gulf of Mexico, 
of which the harmonic reductions were published in the Report for 1872. 
These results also are repeated in tho present Report, as well as those for 
Kurrachee, for the sake of comparison. 

The agreement of results for the two years for San Diego is exceptionally 
good throughout. There is a remarkable disproportion between the values 
of the smaller and larger elliptic semidiurnal tides (R 2 of L and IN'). The 
equilibrium-theoretical proportion between these components is about as 1 to 
7, but the proportion here is (mean of two years) about as 1 to 35. The 
smaller component is exceptionally small. 

The retardation of phase of spring-tides (0-030 day) is less than that de- 
termined for Fort Point, San Francisco Bay, and is the smallest Value yet 
found for any port. 

One of the chief points of interest in the results for Fort Clinch is the re- 
markable disproportion between the mean solar and the mean lunar semi- 
diurnal tides, which is as 1 to G very nearly. The equilibrium-theoretical 
proportion being about as 1 to 2-1. This is very nearly fulfilled between the 
solar and lunar diurnal tides (R x of P and 0). The time of the coincidence 
of phaso of the P and 0 declinational diurnal tides is hero negative . This 
is the first instance yet found of tho coincidence happening before the times of 
New and Full Moon. 

Among tho most interesting results found by the reduction of tho tides 
of these two places, is that at San Diego the proportion between the two 
chief tides is nearly identical with what the equilibrium-theory gives, namely, 
about 2*1 to 1, while (as said above) the proportion between them at Fort 
Clinch is about’ as 6 to 1, or the ratio of the solar tide to the lunar tide is 
only one third of the value which the equilibrium theory assigns to it. 



Heibre Island (Lat. 53° 24' N., Long. 12“ W. from Greenwich). 
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I is the average inclination of the Moon’s orbit to the equator, or her mean maximum north or south declination, for the year. 



MS. fR 4 0*2646 0*2000 0*2560 03065 0*2581 0*2740 0*321$ 0*3329 0*3006 0*3030 

Speed ( 4 y— 2 <r— 2 g). \ e 4 275°'*$ 26 3°‘59 a69°*87 264°*62 2 74°‘73 2640*00 264°*84 262 °*77 26o°*69 26o°*57 
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Fort Clinch, Fernandina Har., Florida (Lat. 30° 42' N., Long. 81° 27' \V.). 




Year 1860 - 61 . A 0 = 6 * 445 ift. 


S 

M 

K 0 

Speed 2(y-~ ij) 

2 ( r -<r) 

(2y) (y- 2 ») (] 


ft. 

ft. 

ft. ft. i 


0*0724 

0*0282 

0*3606 0*2753 < 

€ 1 

9i°’9° 

2 5°'73 

204 °* 3 8 42°*42 

b 3 

o‘4745 

2*8338 

01414 


252°*09 

22 1 °* 1 1 

234 °* 10 

B, 


0*0341 




• 2 77°'*9 



0*0234 

0*0576 




I 2 °* 8 5 

55°* I 4 


* B„ 


0*0362 




359°*67 


b h 


0*0103 




3 I 5°'9 2 



L 

N 

X 

(2 r 

— <T — Xtr). 

( 2 y— 3<r+xD*). ( 2 y — — 2 ty). ( 2 y 

b, 0 

0969 

0*6843 

0*1073 

e 2 3 6 °'24 

2 o 6 °*I 9 

3 ! 6°*86 


-2-j) 

o'l 170 
25°-10 


J Q 

(y-hff— w) (y— 3 ff 4 "w) 


ft. 
0*0375 
2 39°*3 5 


ft. 
0*0627 
47 0, 77 


Coincidence of phase of 
S and M. P and O. 
1*271 days — 0*710 of a day 

V — — V 

After New or Full Moon. 


0*1474 

2I5 0, 02 


Coincidence of 
phase of M and N. 
1*142 days 


0*0992 

24I°*25 


Opposition of 
phaso of L and M. 
— 0*373 of a day 


After Moon’s Perigee. 


San Diego, California (Lat. 32° 42' N., Long. 117° 13' W.). 



S. Spcod 

2 (y— >))• 

M. Speed 

2 <7-*). 

MS. Speed ( 4 y- 

-2<r-2n). 



' * -N 






1860 . 

ft. 

1861 . 

ft. 

I 860 . 

1861 . 

I 860 . 

1861 . 

A„ 

5-9089 

5-7864 

1= 26°*6 

25°*2 

ft. 

ft. 

Ri 

0*0303 

0*0249 

0*1026 

0*09 r 8 



-« 

228° *90 

246°*32 

25°*8 i 

344 °' 9 6 



B, 

0*6969 

0-6934 

1*6827 

1-6974 




2 73°‘33 

* 75 °' 4 2 

2 7 2°*75 

2 74 °' 5 2 




B, 



0*0074 

0*0071 



*» 



J 4°'®9 

l8°*02 



B, 

0*0066 

00052 

00268 

0*0267 

0*006l 

0*0124 

«« 

i86°*9i 

22I°*08 

20I°*62 

« 95°'99 

j 86 °*i 2 

i 88 0 *9O 

b 6 



0*0092 

0-0119 






82°*28 

73 ° 2 * 




K. Speed ( 2 y). O. Speed (y— 2 <r). P. Speed (y — 2 r/). 



I 860 . 

1861 . 

1860 . 

1861 ? 

1800 . 

1861 . 

Bi 

I*I760 

1*1386 

0*7749 

0*7426 

°* 35 1 5 

0*3612 

*1 

176°*69 

i 7 6°- 4 5 

354 J '74 

35^°'°3 

o°*7o 

359 °- 8 i 

B 2 

0*2469 

0 * 2 I 97 






246°*o6 

2 49°'74 
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J. Speed (y+v—tr). 

* s 

1860. 1861. 

0*0754 0*1067 

i76°*40 i8o°*8o 


Q. Speed (y— 3<r— tr). 

1860. 1861. 

0*1440 0*1698 

3 5 i°o 9 35®°'33 


L. Speed (2 y— 

1860. 1861. 

001 9 1 0*0054 

X74 o, 04 i63°*62 


0*1309 

458°* 7 6 


N. Speed (2y — 3<r+ w). 

* s 

1860. 1861. 

0*4060 0*4363 

2 55 0, 99 2 59 0<I 4 


X. Speed (2y— <r4*ir4-2ij), 

' 1860 1861. 

00678 0*0486 

357°'«5 *S°' 6 + 


1861. 

0*0I50 

2 3°°'74 


Speed (2y — 3<r— 


1860. 


1861. 

0*0687 

23 o °*96 


/i. Speed (2y—2(r-f jy). 

/ a. . .4 . 

1860. 

0*0373 
24o°*68 


R. Speed (2y—»j). 

^ A N 

I860 and 1861. 
R 2 0*0104 

e, *53°' , 4 


T. Speed (2y-3>j). 

* N 

1860 and 1861. 
00408 

3 8°*I2 


Coincidence of phase of 
S and M. P and O. 

0*030 of a day 0*159 of a day 

N V " 

After New or Full Moon. 


Coincidence of Opposition of 

phase of M and N. phase of L and M. 
1*230 days 5*711 days 


After Moon’B Perigee. 


Deduced from mean values for 2 years. 


A series of tide-observations extending through five years, com- 
mencing 1868, May 1, taken by the Manora self-registering tide-gaugo at 
Kurrachee, were also kindly lent by Mr. Parkes for the purpose of reduction. 
The following series have been analyzed for each year separately, with the 
exception of the solar semidiurnal tide- components It and T, for which it is 
necessary to combine the observations extending through two entire years, 
fhe datum-line is 2 feet below the datum-line of the diagram-sheets. 


Kurrachee (Lat. 24° 53' N., Long. 4 h 28 ra E. of Greenwich). 


Year ... 1868-69. 1869-70. 

ft. ft. 

A 0 = 7*1488 7*2908 

I = I 9°*6 2 I °*2 


1870-71. 1871-72. 1872-73. 

ft. ft. ft. 

7*2644 7 1068 7*0510 

2 3 0 *O 24°*6 26°*2 


S. Speed of semidiurnal 2(y —rj). 



1868-69. 

1869-70. 

1870-71. 

1871-72. 

1872-73. 

B, 

0*0718 

0*0712 

0*0750 

0*0829 

0*1082 

«, 

i76°-57 

i* 7 °-S° 

i 62°*29 

i58°*2o 

i47°'4< 

R a 

0*9323 

0 *9425 

0*9230 

0*9512 

0*9515 


3 22°7* 

323 68 

32 3 °*68 

3** 0, 94 

32i°-s6 

*4 

very email. 

very small. 

0*0141 

0*0126 

0*0083 

«4 



355°’9S 

4°*54 

o°*oo 

Re 




0*0036 

0*0117 

«e 




292°-99 

*9S°'*5 
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M. Speed of semidiurnal 2 (y— cr). 


®1 

1808 - 09 . 

o*oi8 

1809 - 70 . 

1870 - 71 . 

0*0510 

329°*x8 

1871 - 72 . 

0*0712 

1872 - 73 . 

0-0565 

*1 

z7i°*6o 


229°*28 

1 3*°' a 5 

B a 

*•5859 

2*4974 

2*4717 

2*4822 

2 ‘4374 


2 95°‘7 8 

2 97°' a 4 

2^6°'6 z 

295°*66 

295°*66 


0-0439 

0-0382 

0*0492 

0-0477 

0-0355 

*3 

00 

0 

m 

336 °*o 9 

3 2 5°'4 6 

33S°'S4 

3 I 9°’ I S 


0*0169 

0*0284 

0*0242 

0*0294 

OOI9I 

e 4 

47°'°4 

3°°*4 I 

3i°'7° 

27 °*II 

32 °i 9 


0*0444 

0*0494 

0-0445 

0*0445 

0*0444 

e 8 

225°*9I 

2i5°*i6 

22 4°‘55 

209°*56 

2i9°*89 





0*0062 

0*0058 

e 8 




2 57°'37 

2 73°'49 


K. Speed of semidiurnal (2y). 


Ri 

e i 

B a 

1868-09. 

1*1669 

i 42°*87 

0*2389 

34°°‘ 2 5 

1869-70. 

1*1907 

J 44°*73 

0*2355 

33°°*57 

1870-71. 

1*2392 

i 46°*87 

0*2467 

33°°94 

1871-72. 

1-3128 

I 45°*°4 

0*3072 

338°*i6 

1872-73' 

I- 35 2 3 

I 43°'43 

o '3339 

33 6 °'57 

♦ 


O. Speed (y — 

2<t). 


K, 

«i 

1868-69. 

0*5688 

308 °*87 

1869-70. 

0-5905 

3 ° 9° - 94 

1870-71. 

0*6164 

3 o 6°*97 

1871-72. 

0*6633 

307°*07 

1872-73' 

0-6927 

3 o7°*i2 



P. Speed (y — 

■2n). 


B, 

F i 

1868-69. 

0*3755 

3 i 6 0 *35 

1869-70. 

0*3850 

320°*27 

1870-71. 

03746 

3 r 4°'97 

1871-72. 

°' 359 * 

3 1 7°'9 1 

1872-7& 

0*3678 

3 * 7 ° "44 



J. 

Speed (y-f-e* 



R, 

1868-09. 

00800 

I 78°58 

1869-70. 

0*0434 

i 65°*88 

1870-71. 

0*0686 

i 4 i 0, 37 

1871-72. 

0*1 123 
i 6 3 °*56 

1872-7& 

0*1138 

i 82°*8 i 



Q- 

Speed (7— 3<r ~ hw ). 


E, 

1868-69. 

OHIO 

3o8°*23 

1869-70. 

0*1100 

3 zo °*34 

1870-71. 

o '*354 

3 I 3°'°5 

1871-72. 

0*1515 

309°*98 

1872-73" 

0*1411 

3 1 3°*54 



L. 

Speed (2y — <1 

txr). 


R a 

1868-69. 

0*0804 

io 8°*67 

1869-70. 

0*0365 

i4o°*69 

1870-71. 

0*0824 

I 29°*68 

1871-72. 

0*0519 

i 84°*24 

1872-73^ 

0*1561 

72°*o6 



N. 

Speed (2y — 3 <t4-'w*). 


B a 

1868-69. 

0*6221 

28 o°* 3 i 

1869-70. 

05987 

» 82°-83 

1870-71. 

0-5766 

*8i°'35 

1871-72. 

0*6473 

a 8 i °*96 

1872-73. 

°*5947 

2 7 6°*79 
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X. 

Speed (2y— tr-4-w 

- 2 .,). 



1868-69. 

1869-70. 

1870-71. 

1871-72. 

1872-73^ 

b 3 

0-0613 

0-0381 

0-0432 

0*0839 

0-0750 


J5 6 °*4 6 

9 l °'S 6 

3 o° 7 i 

2 9°'4° 

i94°-oo 



v. Speed (2y — 3 <r— w 

+2,,). 



1868-69. 

1869-70. 

1870-71. 

1871-72. 

1872-73^ 

B a 

0*1955 

0*0832 

0-0814 

o»4iS 

o*i88i 


255°-63 

224°40 

u 

O 

O 

1850-98 

302°*03 



/*• 

Speed (2y — 4tr4-2»7). 





1868-69. 

1869-70. 

1870-71. 

1871-72. 

1872-73' 

B a 

0*0703 

0*0333 

0-0714 

0-0617 

0-0534 

O'. 

269°*99 

22 7° 72 

3°4°*53 

*58°'49 

*73 84 


MS. Speed ( 4 y — 2 «— 2 ij). 

1868-69. 1869-70. 1870-71. 1871-72.' 

R 4 0-0173 00236 0-0311 0*0195 

e 4 2i6°79 i8i°*3o 326°*55 o°*o5 

R. Speed (27 — 77). 

1868-69 and 1869-70. 1870-71 and 1871^72. 

R 3 0-0353 0-0272 

<r 3 I2 0, 04 32i°*23 





T. 

Speed ( 2 y— 3 tj). 



1868-09 and 1869 - 70 . 1870-71 and 1871 - 72 . 


b 2 


o-i 108 

0 

0* 

Ln 

■M 

C\ 




380-96 

ioi 0, 70 




Long-period Tides. 


1868 - 69 . 

1869 - 70 . 

1870 - 71 . 



ft. 

ft. 

ft. 


R 

e 

0115 

43°- 9 6 

0-179 

8o°-20 

0*162 ] 
io7°-i 1 j 

|- Solar annual (elliptic) tide. Speed (17). 

R 

0*198 

0-059 

0-062 ] 

1 Solar semiannual (declinational) tide. 

6 

8i°* 9 8 

ii6 0, 93 

690-69 j 

i Speed (2 1}). 

R 

0-076 

0-043 

0-032 ] 

1 Lunar monthly (elliptic) tide. 

e 

* 47°73 

I 75°'*7 

ii 5 °- 9 °J 

i Speed (<r — w). 

R 

0-038 

0*064 

0-035 1 

I Lunar fortnightly (declinational) tide. 

e 

335 °' 4 ° 

333 °* 9 I 

283°*22 j 

| Speed (20). 

R 

0*009 

0075 

0-058 ] 

Lunisolar synodic fortnightly (shallow-' 

0 

326 °*i 9 

i 6°*98 

I56 0, 62 j 

tide. Speed 2(0— tj). 


Three years’ tidal observations, taken at Fort Point (lat. 37° 40' N., long. 
8 h 9 m W. of Greenwich), San Francisco Bay, California, w r ere received and 
analyzed, with the following results : — 


Year ... 1868 - 69 . 1869 - 60 . 1860 - 61 . 

ft. ft. ft. 

A 0 «=*8*7io3 82651 81608 

I = a8°-o 26°9 250-4 



TIDAL OBSERVATIONS, 




8 . Speed of semidiurnal 2 ( 7 — 7 ;). 


M. Speed of semidiurnal 2(y-~<r) 



1858-59. 

1859-60. 

1860-61. 

1858-59. 

1859-60. 

1860-61. 


0*0146 

very small. 

very small. 

0*0539 

0*0808 

0*0863 

«l 

2 H °*96 



46°'3° 

00 

VO 

0 

•^4 

3 2 °* 7 I 

B a 

0*4067 

0*3802 

0*3824 

1*6694 

1*6215 

1*6645 

«2 

334° -2 4 

335°'*° 

336°'45 

3 3 o°*8i 

33i°-3o 

3 z8° 7 z 





very small. 

very small. 

very small. 

€ 3 

R. 

very small. 

very small. 

very small. 

0*0616 

0*0712 

0*0698 

«4 


a- — 

MS. Speed (4y 

-A 

23°*32 
— 2 <r— 2 i;). 

a6°73 

u°*i 5 



1858-59. 

1859-60. 

1860-61. 

*4 

0*0248 

22°*33 

0*0325 

I 2°*25 

0*0315 

22 °* 8 l 


/*• 

Speed 2(7 — 2<r+7)). 


1858-59. 

1859-60. 

1860-61. 

b 2 

0*0257 

a 54°*34 

O O 3 I I 
2 o 6 °*i 4 

0-0251 

2 °9°'53 


K. 

Speed of semidiurnal ( 27 ). 



1858-59. 

1859-60. 

1860-61. 

B, 

1*3370 

1*3036 

1*2925 

•« 

192 °*! 7 

I 9 o °*88 

i 88°*55 


0-1759 

0*1716 

01351 


3260*65 

3 I 4°'53 

3 o8 0 *75 


O. Speed (7 — 2<r). 


P. Speed ( 7 — 2 t;V 


1858-59. 

0*8917 

3°*39 

1859-60. 
0*8511 
6 ° 25 

1860-61. 

0*8784 

4 °*oi 

1858-59. 

0*3672 

i6°* 5 2 

1859-60. 

0*3659 

i 5 °*9° 

1860-61. 

0*3869 

I3°* 5 2 

L. 

Speed ( 27 — 

(T — vr ). 

1ST. Speed ( 27 — 3<r H-w). 

^1858-59. 

1859-60. 

1860-61? 

1858-69. 

1859-60. 

1860-61. 

0*0591 

io2°*63 

0*0370 

1830*00 

00506 

I7o°*i6 

03931 

3o 3 °- 4 6 

o' 3494 
3°S°'53 

o' 3 545 

302°*5i 

R. 

Speed (27 — 

»)• 

T. Speed ( 27 — 3»|). 



1858-59 and 1859-60. 

B a 0*0076 
e 2 1 64 °*oo 

A. Speed (27 — 0 * 4 * w — 2?;). 


1858-59. 

0*0372 

i 88°*30 


1859-60. 

0*0275 

is6°-39 


1800-01. 
0012 I 


30 i 5 6 °’39 144 0 * 1 8 

J. Speed (7+0*— -to*). 


1858-59 and 1859-60. 

K- 2 0*0142 

e 2 277°*90 

v . Speed (27 — 3 o* — 

, 

1858-59. 1859-tiO. 1860-61. 

o'io44 00387 00437 

2870*23 2720*46 349°’59 

Q. Speed (7—3 ff-f-w). 


1858-59. 

0*0819 

2i3°98 


1859-60. 

0*0376 

2 o 8°*29 


1860-61. 

0*0565 

i 83 °* 4 o 


1858-59. 

0*1706 

353°°3 


1859-60. 
0*1056 
33*°' 34 


1860-61. 

0 # I 332 

»°*93 


Coincidence of phase of 
S and M. P and O. 

0*214 of a day 0*441 of a day 

V. Y *■' 

After New and Full Moon. 


Coincidence of Opposition of 

phase of M and N. phase of L and M. 
2*024 days 0*126 of a day 

y ^ 

After Moon’s perigees. 





urn 

Remark an abrupt diminution in the height of mean level after the first 
two years, which the following extract from a letter received from Prof. 
J. E. Hilgard fully explains : — 

44 The ohange in the mean-level reading at Fort Point is a matter of much 
44 annoyance to us. The tide-gauge was put up in a small building near the 
44 end of a wharf, and the tide-staff used for comparison was close to it. 
44 Now it was observed after the observations had continued some time that 
44 the wharf was settling, at least the part where the gauge stood. Then 
44 the gauge was moved to a point a little nearer to the shore believed to he 
44 firm ; but we think the whole wharf settled and continued to do so for years. 
44 There seems to be a bog-formation underlying the surface deposit at that 
44 place. There is probably no way of ascertaining the amount of settling 
44 except from the observations themselves. We are now having frequent 
44 levellings made, referring the tide-staff to a rocky ledge further inland.” 


Cat Island, Gulf of Mexico (Lat. 30° 23' N., Long. 5 h 56 m W. of Greenwich). 

The following results represent the tide -components as far as they have at 
present been evaluated. Datum 10 feet below datum of United-States Coast 
Survey : — 


Year 1848 
8 

Speed 2(7—7) 

E 1 0-0442 

6, I 0 0, 04 

B 2 0*0677 

e 2 23°-8o 



K 

0 

Speed .. 

.... 2( r ) 



0*4627 

0-3855 


S5°-20 

224°*29 

n . 

0*0205 


u 

288°73 



A 0 =4’8574 ft. I=i8°-45. 

M L 

2 (y-<r) 2(y~l<7-$w) 2(y 

OOIOI 

95 0 ’ 21 

0-1195 0-0118 

I0°‘75 222°*40 

V J 

(7-27) (y-f<7-Ur) 

°* J 559 0*0292 

23 o °*65 28°-22 


N 

— 2 <7 + W) 


0*0269 

33°‘57 


( 7 -. 3 < t 4 "w) 

00733 

2I5°’32 


It is extremely interesting to find that, although the lunar and solar 
semidiurnal tides are very small in value, the series of means from which 
they were obtained being extremely regular and good, the consequent de- 
termination of the phase of spring-tides from their respective epochs is 
probably correct within a few minutes. The proportion between the ampli- 
tudes of the lunar and solar semidiurnal tides is the nearest approach to 
equality yet obtained, being in the ratio of 11 to 6. The comparatively largo 
value of R, of Series S is undoubtedly a genuine tide ; but the smallness of the 
corresponding value of Series M must forbid the conclusion of its being purely 
astronomical. It is perhaps produced by temperature or wind, its time of 
maximum being about 40 minutes after noon. There are also indications of 
a similar and large annual tide of 0*274 foot amplitude, and maximum about 
Aug. 16, which is also probably meteorological in its origin. The proportion 
between the lunar and solar diurnal (Declinational) tides (R 1 of Series 0 and 
P) will be, on the assumption of the variation of R 1 of Series 0 being as the 
square of the sine of the declination, about 4 to 1. 

The following are the values of the long-period tides ; — 
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m 


R. 

ft. 


Solar annual tide (elliptic and meteorological) ... ©'274 144*50 

Solar semiannual tide (declinational and meteorological) ... 0*128 35*02 

Lunar monthly tide (elliptic) 0*106 304*17 

Lunar fortnightly tide (declinational) 0*043 136*69 

Lunisolar fortnightly tide (synodic) 0*099 336*26 


The results of three years’ tide-observations taken at West Hartlepool, 
England (Lat. 54° 41' N., Long. 1° 12' W.), by a self-registering tide-gauge, 
from 1858, July 1, to 1861, July 5 : — 

Year ... 1858-59. 1859-60. 1860-61. 


Inclination of Lunar orbit to Earth’s \ j 
equator J 

Mean sea-level above datum 1 2 feet 1 » 
below mean level of diagrams J 0 


z8°*o 

ft. 

12*1518 


27°*I 

ft. 

11*9706 


2 5 0, 9 

ft. 

12*0056 


S. Speed of semidiurnal 2 (y—rj). M. Speed of semidiurnal 2 (y—<r). 



1858 - 59 . 

1859 - 60 . 

1860 - 61 . 


1858 - 59 . 

1859 - 60 . 

1860 - 61 . 

B, 

0*0192 

0*0542 

0*0248 


0*0376 

0*0635 

00397 

61 

1 3 1 0- 8 3 

*S 6 °'75 

168 0 83 


i°* 7 i 

47°‘57 

46°-«7 

E a 

17543 

I 7107 

1*7492 


5*0062 

5*0181 

<;*oqoi 

«. 

I40°*50 

I 3 S °09 

! 37°-87 


97 ° - S° 

97 °-i 7 

94 °' 5 * 

B, 





0*0358 

0*0217 

0*0453 

e 3 





1 20°*0 1 

I03°*I2 

I2 4° -, 5 

B. 

0*0253 

0*0212 

0*0I90 


0*0746 

0*1006 

0*0958 

64 

i 9 o °*24 

» 73 ° 7 * 

*7 *°'S 3 


ioo°*63 

ii 3 °* 9 i 

io2°*64 

B e 





0*0643 

0*0716 

0*0704 

*6 





47 °-i° 

5o°*xi 

4o°-o8 




K. Speed of semidiurnal ( 2 y). 




1858 - 59 . 

1859 - 60 . 

1860-el. 




R 0 

•4298 

0*3961 


0*4065 




333°‘ 6 3 

33 i °‘54 

33o°*6i 




R 2 0 

■6218 

0*6225 


0*5298 




e 2 *3 

i°*36 

I23°*2I 

1 

1 6° 02 



0 . 

Speed (y- 

■ 2 c). 


P. 

Speed (y— 

2 n). 



1858-59. 

1859-60. 

1860-61. 

1858-59. 

1859-60. 

1860-61. 

B, 

61 

0-5054 

357°-96 

0*4829 

2°* 3 6 

0-4854 

4 °- 2 9 

01211 

I 42°*42 

0-1202 

! 42°-44 

0 0946 


J. 

Speed (y-fo-- 

, ^ 

■ tv ). 

Q. Speed (y— 3<7-ftir). 




^1858-59. 

1859-60. 

1860-61? 

” 1858-59. 

1859-60. 

1860-61? 

K, 

0-0364 

353 °' 3 ® 

0*0291 

2I°*8i 

0*0291 

i83°*6 5 

0-1632 

3 > 5°'54 

0*1630 

3 ° 7°'45 

0*175* 

3 ° 3°*77 


L . 

Speed ( 2 y — <r- 

-tv). 

N. Speed ( 2 y-~ 3 <r 4 -tir). 


1858-59. 

1859-60. 

1860-61? 

" 1858-59. 

1859-60. 

1860-61? 

B. 

0*2040 

2 74°*47 

0*1308 

298°*7o 

0*1721 

286°*i9 

0*9195 

76°*i 9 

0*9480 

68°* 9 o 

1*0251 

70°*xo 


X. Speed ( 2 y— c+w 

— 2j|). 

v . Speed ( 2 y— 3 <r— 

JL. 

tt +2 ij ). 


1858 - 59 . 

1859-60. 

1800-61? 

1858-59. 

1859 - 60 . 

1860 - 61 ? 

B a 

€ 2 

0*0554 

326°*8o 

0*1068 

262°*93 

0*1153 

2 93 0, °3 

o-itio 

74 0, 4 » 

0*3170 

II 4 °*I 2 

0-1639 

7 i °-27 
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p. Speed 2(y— 2<r+n). 


1858-59. 1859^60 1860-61. 

B 2 0-0907 0-0951 0*0549 

e 2 6°*57 34» 0 , 4o 2 o°-io 


MS. Speed (4y — 2<r—2i?). 2SM. Speed (2y4*2<r—4>/). 


1858-59. 

1859-60. 

1860-61. 

1858-59. 

1859-60. 

1860-61. 

0-0454 

0*0388 

0-0447 

B 2 0*0326 

0*0332 

0-0087 

I 2 i °*48 

1400-42 

ii2 0, 73 

fa 3'S°' 6 * 

3o°-i9 

2270*66 


B. Speed (2 y — 17 ). 

"l859-60 and 1860-6*1? 
K a 0-0082 

e a 258078 


T. Speed (2y— 3i;). 

^ 

1859-60 and 1860-61. 
0-1403 
27 9 °-83 


Long-period Tides. 


Speed ... 


2<r. 

2 («t- 9 ). 


29. 


rE 

l e 

ft. 

ft. 

ft. 

ft. 

ft. 

1868-59. j 

o-o 75 

2 3°'53 

0*052 
19°°- 34 

0131 

7o°'88 

0*217 

2 57°’ 6 3 

0*004 

2 75 °' 4 ° 

1859 - 60 . j 

r r 

0-135 

0-053 

0-131 

0*366 

0-I38 

L 6 

I 75°’75 

222° # 34 

57 0> 35 

200° ’02 

io 5°-65 

1860 - 61 . | 

fE 

0-139 

0-073 

0*141 

0-213 

0*149 

l « 

79 °-i 9 

i 5 8°-62 

54°'55 

i 99°-69 

286°-62 


Coincidence of phase of S and M 
Coincidence of phase of P and O. 
Coincidence of phase of M and N, 
Opposition of phase of L and M, 


(From mean of 3 years.) 
days. 

"■ z '^9* j AfterNoworFuUMoou . 

"" I After moon’s perigee. 


The results of the three years’ reductions agreo, on the whole, well 
together. The following small components, however, arc somewhat discordant, 
viz. the elliptic diurnal tide J, the smaller component of the evection somi- 
diurnal tide X, and the lunisolar compound semidiurnal tide 2SM. 

The good agreement between the separate determinations of tho mean sea- 
level renders Hartlepool a favourable place for the purposes of trigonometrical 
survey, the annual tide also being much less in amount than at Liverpool, 
to tho mean sea-level of which the present survey of the United Kingdom is 
referred. 

The values of the diurnal components arc as largo as those for Liverpool, 
where the mean solar and lunar semidiurnal tides ard nearly double tho values 
of those for Hartlepool, and are the largest yet evaluated for English ports. 

The value of tho smaller elliptic semidiurnal tide (L) agrees very nearly 
with the equilibrium-theory value of the values of this component for other 
English ports, being considerably in excess of tho theoretically assigned value. 
The larger component (N) agrees exactly with that deduced from theory. 

A remarkable point in the deductions is the smallness of the overtides of 
the chief semidiurnal tidos, and also of the compound lunisolar quarter- 
diurnal tide (MS), which have been well marked in the other English ports 
of which the observations have been analyzed. 

There is scarcely sufficient agreement between the results deduced from 
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the long-period tides to be satisfactory, although the quantities of some are 
within reasonable limits* The values for r), as usual, show an undoubtedly 
genuine annual tide of about three inches with its maximum about the end 
of October or beginning of November, which agrees with the time given for 
other English ports. Of the other long-period tides, the synodic fortnightly 
[2(< t — 77)] gives a fair agreement between the values deduced from the separate 
years. 


Results of Hourly Tide-observations taken at Port Leopold, Arctic Archi- 
pelago, by Sir James Clark Ross, from 1848, Nov. 1, to 1849, July 31. 
(Lat. 74° N., Long. 91° W.) 


I, or inclination of moon’s orbit to earth’s equator, = i8°*7. 



s 

M 

L 

N 

K 

Speed.., 

• 2 (y— >,) 


(2y-~<r~w) 

(2y— 3 <r+nr) 

(2y) 


ft. 

ft. 

ft. 

ft. 

ft. 

Ri 

0*0308 

0*0441 




0*7997 

*1 

S 6°ss 

269°*i9 



309°*62 

R. 

0*6432 

2*0736 

0*0513 

0*4345 

0*1325 

•a 

28°* 7 8 

33B°*88 

i89°*i8 

3o6°*36 

34°‘99 


0*0065 

o*oi 60 




*4 

256°*84 

203°*03 







O 

P 




Speed ... 

(y — 2<r) 

( 7 - 2 ?) 




R. 

0*3632 

0*2161 




€ l 

69°64 

«*7°-55 



Coincidence of phase of S andM. 
Coincidence of phase of P and O. 
Coincidence of phase of M and N. 
Opposition of phase of L and M , 


days. 

Z \ \ After New or Full Moon. 

— z 375 2 j 

Z 2*3 192 } After moon ’ 8 perigees. 


Results of Hourly Tide- observations taken at Beechey Island, Erebus Bay, 
Arctic Archipelago, by Captain Pullen, for 119 days, commencing 1858, 
Nov. 2. (Lat. 74° 43' N., Long. 91° 54' W.) 

I, or inclination of moon’s orbit to earth’s equator, = 28°*o. 



s 

M 

L 

N 

Speed . 

.. 2(y — 9) 

2 ( 7 - ») 

(2y — ar—w) 

(2y — 3 <r-H 


ft. 

ft. 

ft. 

ft. 

R a 

o*686 

>930 

0*0867 

0-4149 


33 °‘ 7 I 

345 °' 9 * 

209°*0I 

3 I 3 °' 5 I 

r 4 

very small. 

0*022 





2650*83 





K 

0 

P 

Ri 

Speed ... 2 (y) 

(y — 2tr) 

(7-29) 

0*9930 

32 9 °*I 5 

0*570 

0*2150 


75°'*4 

I32°*II 

R, 

0*1944 

... u . 



46°*6 5 

days. 



1876 


Coincidence of phase of S and M. . 

Coincidence of phase of P and O,. 

Coincidence of phase of M and N. ..... = 2*4807 

Opposition of phase of L and M = 3*2.98 


= 1*9601 
= 2*3080 


J After New or Full Moon. 
After moon’s perigees. 


5 



Brest (Lat. 48° 23' 24" N., Long. 4= 29' 33" W. ot Greenwich). Year 1875. 
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Definition of c. 

To explain the meaning of the values of e given in the preceding Tables of results it is convenient to use Laplace’s 
astres fietifs or ideal stars. Let them be as follows : — 
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To facilitate comparisons between the various results of the harmonic ana- 
lysis contained in this and the preceding Beports, and to promote a complete 
theoretical appreciation of them all, the following harmonic analysis of the 
equilibrium tide will be found useful. A portion of it, that, namely, per- 
taining to the mean semidiurnal, the declinational semidiurnal and the 
elliptic semidiurnal constituents, was given in the Report for 1872 (§§ 48, 
50). For the sake of clearness, an investigation of the equilibrium tide, 
consisting chiefly of extracts from Thomson and Tait’s 4 Natural Philosophy/ 
vol. i., is premised, as the first edition of that work is out of print, and the 
second edition can scarcely appear until after the publication of this Report. 

Let E denote the earth’s mass, M the mass of the moon or sun, D the dis- 
tance between the centres of the two bodies, a the earth’s radius. If we 

a 

neglect tides depending on the fourth and higher powers of ^ (of which only 

one, Laplace’s terdiurnal lunar tide, referred to in § 3 of the Committee’s 
Report for 1868, and again in § 5, 1872, can probably be sensible), the equi- 
librium tide will not be altered by the following arbitrary but conveniently 
symmetrical assumption. Imagine M to be divided into two halves, and let 
these be fixed at distances each equal to D on opposite sides of the earth in a 
line through its centre. Then if r, 6 be polar coordinates of any point referred 
to the earth’s centre as origin, and the line joining the two disturbing bodies 
as axis, the equation of an equipotential surface is [Thomson and Tait, 
§§ 804-811] 


' r + ^ M| V(B 2 -2rDcosfl+^) + V(I^+2rI)cose+r^ C ° nSt ' ' (U) ’ 


7 * 

and as the first approximation for g is very small, we have 


- 4- ^[1 + | X:, (3 cos 2 0 — 1 )] = const. . . 

v 1) _Lr 


• • ( 12 ); 


whence finally, if r=a-fw, u being infinitely small, 

m =^eb 3 3 ( 3co82 ®- 1 ) ( 13 )- 

Ma 3 

This is a spherical surface harmonic of the second order, and is oue 

quarter of the ratio that the difference between the moon’s attraction on the 
nearest and furthest parts of tho earth bears to terrestrial gravity. Hence 
“ The fluid will be disturbed into a prolate ellipsoidal figure, with its 
long axis in the line joining the two disturbing bodies, and with ellipticity 
equal to f of the ratio which the difference of attractions of one of the dis- 
turbing bodies on the nearest and furthest points of the fluid surface bears to 
the surface value of the attraction of the nucleus. If, for instance, we sup- 
pose the moon to be divided into two halves, and these to be fixed on opposite 
sides of the earth at distances each equal to the true moon’s mean distance, 

Q 

4he ellipticity of the disturbed terrestrial level would be — ^ SOOOOO* or 

£2 obo 000 ; and tlie Whole difference of levels from highest to lowest would 

be about If feet. We shall have much occasion to use this hypothesis in 
vol. ii. in investigating the kinetic theory of the tides. 
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( * 805. The rise and fall of water at any point of the earth’s surface we may 
now imagine to be produced by making these two disturbing bodies (moon and 
anti-moon, as we may call them for brevity) revolve round the earth’s axis 
once in the lunar twenty-four hours, with the line joining them always in- 
clined to the earth’s equator at an angle equal to the moon’s declination. If 
we assume that at each moment the condition of hydrostatic equilibrium is 
fulfilled, that is, that the free liquid surface is perpendicular to the resultant 
force, we have what is called the * equilibrium theory of the tides/ 

“ 800. But even on this equilibrium theory, the rise and fall at any place 
would be most falsely estimated if we were to take it, as we believe it is 
generally taken, as the rise and fall of the spheroidal surface that would bound 
the water were there no dry land (uncovered solid). To illustrate this state- 
ment, let us imagine the ocean to consist of two circular lakes A and B, with 
their centres 90° asunder, on the equator, communicating with one another by 
a narrow channel. In the course of the lunar twelve hours the level of lake A 
would rise and fall, and that of lake B would simultaneously fall and rise to 
maximum deviations from the mean level. If the areas of the two lakes werq 
equal, their tides would be equal, and would amount in each to about -J- of 
a foot above and below the mean level ; but not so if the areas were unequal. 
Thus, if the diameter of the greater be but a small part of the earth’s qua- 
drant, not more, lot us say, than 20°, the amounts of the rise and fall in the 
two lakes will be inversely as their areas to a close degree of approximation. 
For instance, if the diameter of B be only of the diameter of A, the rise 
and fall in A will be scarcely sensible ; while the level of B will rise and fall 
by about 1J feet above and below its mean ; just as the rise and fall of level 
in the open cistern of an ordinary barometer is but small in comparison with 
fall and rise in the tube. Or, if there be two large lakes, A, A', at opposite 
extremities of an equatorial diameter, two small ones, B, B', at two ends of the 
equatorial diameter perpendicular to that ono, and two small lakes, C, O', at 
two ends of the polar axis, the largest of these being, however, still supposed 
to extend over only a small portion of the earth’s curvature, and all the six 
lakes communicate with one another freely by canals or underground tunnels : 
there will be no sensible tides in the lakes A and A' ; in B and B' there will 
be high water of If feet above mean level when the moon or anti-moon is 
in the zenith, and low water of If- feet below mean when the moon is rising 
or setting ; and at C and C' there will be tides rising and falling -J of a foot 
above and below the mean, the time of low water being when the moon or 
anti-moon is in the meridian of A, and of high water when they are on the 
horizon of A. The simplest way of viewing the case for the extreme circum- 
stances we have now supposed is, first, to consider the spheroidal surface that 
would bound the water at any moment if there were no dry land, and then 
to imagine this whole surface lowered or elevated all round by the amount 
required to keep the height at A and A' invariable. Or, if there be a large 
lake A in any part of the earth, 1 m i . "■ r by canals with small lakes 
over various parts of the surface, having in all but a small area of water in 
comparison with that of A, the tides in any of these will be found by drawing 
a spheroidal surface of 1|- feet difference between greatest and least radius, 
and, without disturbing its centre, adding or subtracting from each radius 
such a length, the same for all, as shall do away with rise or fall at A. 

“ 807. It is, however, only on the extreme supposition we have made, cf 
one water area much larger than all the others taken together, but yet itself 
covering only a small part of the earth’s curvature, that the rise and fall can 
be done away with nearly altogether in one place, and doubled in another 
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place. ^ Taking the actual figure of the earths sea-surface, we must subtract 
a certain positive or negative quantity a from the radius of the spheroid that 
would bound the water were there no land, a being determined, according to 
the moon’s position, to fulfil the condition that the volume of the water 
remains unchanged, and being the same for all points of the sea at the same 
time. Many writers on the tides have overlooked this obvious and essential 
principle ; indeed we know of only one sentence* hitherto published in which 
any consciousness of it has been indicated. 

u The quantity a is a spherical harmonic function of the second order of the 
moon’s declination and hour-angle from the meridian of Greenwich, of which 
the five constant coefficients depend merely on tho configuration of land and 
water, and may be easily estimated approximately by not very laborious qua- 
dratures, with data derived from the inspection of good maps. 
u 808. Let as above 

r=a(l + w) (14) 

be the spheroidal level that would bound the wator were the whole solid 
covered ; u being given by (13) of § 804. Thus, if ffd<y denote surface in- 
tegration over the whole surface of the sea, 

ctffudff 

expresses the addition (positive or negative as the case may be) to the volume 
required to let the water stand to this level everywhere. To do away 
with this change of volume we must suppose the whole surface lowered 
equally all over by such an amount a (positive or negative) as shall equalize 
it. Hence if £2 be the whole area of sea, we have 


_affud<j 

a 


(15). 


And t=r- n =a{l+u-&*} (16) 

is the corrected equation of the level spheroidal surface of the sea. Hence 

( 17 ), 


h=a\u — Sf U -! r7 l 


where h denotes the height of the surface of the sea at any place above the 
level which it would take if the moon were removed. 

“ To work out (15), put first, for brevity, 




Ma 3 

ED 3 


(18): 


and (13) becomes 


w = r(cos 2 0-^) (19). 

Now let l and X be the geographical latitude and west longitude of the place 
to which u corresponds ; and ip and $ the moon’s hour-angle from the meri- 
dian of Greenwich, and her declination. As 0 is tho moon’s zenith distance 
at the place (corrected for parallax), we have by spherical trigonometry 


which gives 


cos 0=cos l cos h cos (X — \p) -f sin I sin 5 ; 


eos 2 0— 1 = 

cos 2 Zcos 2 Scos2(X - d- 6sin l cos l sin l cos i cos(X - 1 /,) + |(3sin 2 3- l)(3sin 2 /~ 1)(2 


“Rigidity of the Earth,” § 17, Phil. Trans. 18G2. 
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Hence if we take 38, C, 8, ffi to denote five integrals depending solely 
on the distribution of land and water, expressed as follows : — 

cos 2 Z cos 2 \dtr, co* sin 2\cZ<r, 


iV 


«- i//sin Z cos Z cos X<Z<r, 8 = A ff sin Z cos Z sinAeZ*, f . . (21). 


fif 

©=i//(3sm 2 Z-l)* ) 

o 

where of course da=coa ldld \ , 
we have 


*= s< j2ffudff= 

\ar{ | cos 2 3 (&cos2\p -f B sin2^) -f 6 sin c cos 5 (Ccosi// -f 8 sin^) -f |®(3 sin 2 5 - 1 ) } (22) . 

This, used with (19) and (20) in (17), gives for the full conclusion of the 
equilibrium theory, 

J«r( 3 sin 2 Z - 1 - ©) (3 sin 2 5-1) 

-f 2ar[(sin Z cos Z cos A — C) cos ^ -f (sin Z cos Z sin A — J3 ) sin \f/] sin 5 cos S 
-f [(cos 2 Z cos 2\ — 21) cos 2\jj (cos 2 Z sin 2A — B) sin 2\jj] cos 2 5 

2i 

in which the value of t may be taken from (18) for either the moon or the 
sun ; and d and \p denote the declinati jp and Greenwich hour-angle of one 
body or the other, as the case may be. in this expression we may of course 
reduce the semidiurnal terms to tho form A cos(2\p — e), and the diurnal 
terms to A' cos (\), - e' ). Interpreting it we have the following conclusions : — 

“ 809. In the equilibrium theory, tho whole deviation of level at any point 
of the sea, due to sun and moon acting jointly, is expressed by the sum of 
six terms, three for each body. 

“ (1) The lunar or solar semidiurnal tide rises and falls n proportion to a 
simple harmonic function of the hour-angle from tho meridian of Greenwich, 
having for period 180° of this angle (or in time, half the period of revolution 
relatively to tho earth), with amplitude varying in simple proportion to the 
square of the cosine of the declination of the sun or moon, as the case may 
be, and therefore varying but slowly, and through but a small entire range. 

“ (2) Tho lunar or solar diurnal tide varies as a simple harmonic function 
of the hour-angle of period 360°, or twenty-four hours, with an amplitude 
varying always in simple proportion to the sine of twice the declination of the 
disturbing body, and therefore changing from positive maximum 'to negative, 
and back to positive maximum again, in the tropical* period of either body 
in its orbit. 


i 

> • (23), 


* The tropical period differs from the sidereal period in being reckoned from the first 
joint of Aries instead of from a line fixed in space, the difference for the case of the sun 
>eing only one in 26,000 years, and for the case of the moon one in 13 X 18*6. 
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“ (3) The ltraar fortnightly or solar semiannual tide is a variation on the 
average height of water for the twenty-four lunar or the twenty-four solar 
hours, according to which there is on the whole higher water all round the 
equator and lower water at the poles, when the declination of the disturbing 
body is zero, than when it has any other value, whether north or south ; and 
maximum height of water at the poles and lowest at the equator, when the 
declination has a maximum, whether north or south. Gauss’s way of stating 
the circumstances on which 4 secular ’ variations in the elements of the solar 
system depend is convenient for explaining this component of the tides. Let 
the two parallel circles of the north and south declination of the moon and 
anti-moon at any time be drawn on a geocentric spherical surface of radius 
equal to the moon’s distance, and let the moon’s mass be divided into two 
halves and distributed over them. As these circles of matter gradually vary 
each fortnight from the equator to maximum declination and back, the tide 
produced will be solely and exactly the 4 fortnightly tide.’ 

44 810. In the equilibrium theory as ordinarily stated, there is at any place 
high water of the semidiurnal tide precisely when the disturbing body, or 
its opposite, crosses the meridian of the place; and its amount is the same 
for all places in the same latitude ; being as the square of the cosine of the 
latitude, and therefore, for instance, zero at each pole. In the corrected 
equilibrium theory, high water of the semidiurnal tides may be either before 
or after the disturbing body crosses the meridian, and its amount is very 
different at different places in the same latitude, and is certainly not zero at 
the poles. In the ordinarily stat9d equilibrium theory, there is, precisely at 
the time of transit, high water or low water of diurnal tides in the northern 
hemisphere according as the declination of the body is north or south ; 
and the amount of the rise and fall is in simple proportion to the sine of 
twice the latitude, and therefore vanishes both at the equator and at the 
poles. In*the corrected equilibrium theory, the time of high water may be 
considerably either before or after the time of transit ; and its amount is very 
different for different places in the |ame latitude, and certainly not zero at 
either equator or poles. In the oral nary statement there is no lunar fort- 


nightly or semiannual tide in the latitude 35° 16' (being sin- 1 —--), and its 

V 3 

amount in other latitudes is in proportion to the deviations of the squares of their 
sines from the value J. In the corrected equilibrium theory each of these tides 
is still the same in the same latitude, and vanishes in a certain latitude, and in 
any other latitudes is in simple proportion to the deviation of the squares of their 
sines from the square of the sine of that latitude. But the latitude where 


there is no tide of this class is not sin” 1 -^, but sin- 1 ^-?— where © is 

V o v 3 


the mean value of 3 sin 2 ? — 1 for the whole covered portion of the earth’s 
surface, a quantity easily estimated by a not very laborious quadrature, from 
sufficiently complete geographical data of the coast lines for the whole earth. 

44 As the fortnightly and semiannual tides most probably follow in reality 
very nearly the equilibrium law, it becomes a matter of great importance to 
evaluate this quantity ; but we regret that hitherto we have not been able to 
undertake the work. Conversely, it is possible that careful determination of 
the fortnightly tides at various places, by proper reduction of tidal observa- 
tions, may contribute to geographical knowledge as to the amount of water 
surface in the hitherto unexplored districts of the arctic and antarctic 
regions. 



TIDAL OBSERVATIONS. 


299 


“ 811. The superposition of the solar semidiurnal on the lunar semidiurnal 
tide has been investigated above (§ 60) as an example of the composition of 
simple harmonic motions ; and the well-known phenomena of the * spring- 
tides* and ‘neap-tides* and of the ‘priming* and ‘lagging* have been 
explained. We have now only to add that observation proves for almost all 
places, whether oceanic islands or other open coast-stations, or in deep bays, 
estuaries, or tidal rivers, the proportionate difference between the heights of 
spring-tides and neap-tides, and the amount of the priming and lagging to be 
much less than estimated in § 60 on the equilibrium hypothesis; and to be 
very different in different places, as we shall see in vol. ii. is to be expected 
from the kinetic theory.’* 

The four lunar and solar diurnal and semidiurnal tides spoken of in 
§ 809 of the preceding extract are, in the harmonic analysis of this Com- 
mittee, resolved into harmonic constituents with constant amplitudes and 
epochs instead of the varying amplitudes and epochs which that statement 
implies in virtue of the varying distances of the sun and moon from the 
earth, and of the differences of their right ascensions from those of ideal 
bodies moving uniformly in the plane of the earth’s equator with constant 
angular velocities equal to the mean angular velocities of the sun and moon 
round the earth. 

To investigate, for either moon or sun alone, the equilibrium values of 
these simple harmonic constituents, and to exhibit the simple harmonic ex- 
pression for the long-period declinational tide represented by the first line of 
(238) § 80, call L the value of this line, D the value of the second line (or 
the whole complex diurnal equilibrium tide), and S the value of the third 
line (or semidiurnal equilibrium tide). 

Put 


3sin 2 Z-l-<£=K; 

sin l cos l cos X — C=F cos/, sin l cosZsin X — 20 = F sin/; 
cos H cos 2X — 2l = G cos 2 g f tjos 2 ? sin 2X — = G sin 2 g. 

Then 

L=larK(3sin 2 a-l), (I.) 

D =2ar sin 8 cos d . F cos(v//— /), (II.) 

S=^cos s S. Geos 2(^-0), (III.) 

where F, /, 0, g are constants for each place, having different values for 
different places. Let </> he the angle between the body’s radius vector and 
the ascending node of its orbit relatively to the earth’s equator (which for 
the case of the sun will be his longitude) ; let v be the right ascension of 
this node (which for the case of the sun is of course zero) ; let a denote the 
right ascension of the body reckoned from this node (which for the sun will 
be his right ascension measured from the first point of Aries) ; let I denote 
the inclination of the body’s orbit to the plane of the earth’s equator (which 
for the case of the sun is nearly enough constant for our purposes and equal 
to 23° 27' 19") ; lastly, let ^ denote the sidereal time reduced to angle, that 
is to say, the Greenwich hour-angle of the first point of Aries. We have 
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Hence by (I.) and (II.), 

D » 2arF{cos (\—v — /) cos a + sin (x — v — /) sin a }sin S cos 8, . . (IV.) 

S=^G{cos2(x— cos 2a -f sin 2(x~v—^) sin 2a} cos 2 ^. . . . (V.) 

Now 8 and a are the two legs of a right-angled triangle of which p is the 
hypotenuse and I the angle opposite to 8. Hence, by spherical trigonometry, 

sin 8= sin I sin p, 
cos a cos 3= cos p , 
sin a cos S=sin p cos I. 

' Hence sin 2 3 = \ sin 2 I(l — cos 2p), 

and so L=|«rK( — |--J-sin 2 I— sin 2 I cos 2p) (VI.) 

Next for the diurnal tide : 

sin 8 cos 8 cos a = sin I sin p cos sin I sin 2 p, 

and sin 8 cos 8 sin a=sin I sin 2 ^ cos 1=^ sin 1(1 — cos 2p) cos I ; 
and using these in (IV.) we find (VII.), page 301. 

Similarly, towards reducing for the semidiurnal, 

cos 2a cos 2 3 = (2 cos 2 a — 1) cos 2 £ = 2 cos 2 0 — ( 1 — sin 2 I sinty) 

= cos 2p(l — \ sin 2 I)-f-^ sin 2 I=cos 2<p(% + £ cos 2 I)-f £ sin 2 I, 
and sin 2a cos 2 8=2 sin a cos 8 cos a cos 8 = cos I sin 2p. 

Using these in (V.) we find (VIII.), page 301. 

The sum of these three expressions (VI.), (VII.), and (VIII.), 

h bI + D + S, (IX.) 

would be the required complete simple harmonic expansion, if r were constant, 
and if p increased simply in proportion to the time. 

To complete the process we must, by aid of physical astronomy, express r 
and p in terms of 

For the case of the sun, the only deviation from uniform circular motion 
which produces sensible influence on the tides is the elliptic inequality ; for 
the case of the moon we must take into account also the perturbations called 
evection and variation. 

For the case of the sun we have 

r== f v=0; (X.) 

if E denote the earth’s mass, S the sun’s mass, p his parallax at any time, 
and t») the obliquity of the ecliptic. Let P denote the mean parallax, w the 
longitude of the perihelion, and e the eccentricity of the orbit. As p now 
denotes the sun’s longitude, we have by the polar equation of the ellipse with 
one focus as pole, 

^=P{l4-e cos (</>— to)} ; 
and by Kepler’s first law^ ^ is constant. 
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Hence if q denote the mean angular velocity of the sun’s radius vector, y 
the angular velocity of the earth’s rotation, and © the mean sun’s right 
ascension (or, which is the same, the sun’s “ mean longitude ”) at the instant 
of the first transit of Y after the vernal equinox of the year, wo have 

^= 5 { 1 +< COS ( 0-®)} 4 
=^{l+2ecos (9— tv)} approximately 
-!{l+2scoBp x +©-*)} approximately. 

Henceforward ^ must denote the whole angle turned through by the earth 
from the instant of the first transit of Y across the meridian of Greenwich 
after a time when the sun’s longitude was zero. 

Hence, integrating, 

<t>=Q+^X+2esin (^x+Q~ w )- 

Now, if A denote any angle, 
sin (-2<£-f A) = 

sin^ - 2© — “X *f A^ sin + O - ^ approximately 

and therefore as 

p 3 =r 3 + & cos - * JJ approximately. . . . (XI.) 

we have (XII.) (see page 301). 

Going back now to (YI.), (YIL), and (VIII.), and attending to (X.), use 
(XI.) in the first term of (YI.) and tho last term of (YII.) ; neglect the 

variation of parallax and put <p=- \+ © in the small terms of (VI.), (YIL), 

and (VIII.) ; use (XII.) in the first terms of (VII.) and (VIII.), giving to A the 

respective values and - +2 (x-tf); and collect as in (IX.): we find 

(XIII.), (page 301 ). 

To obtain the corresponding expression for the moon’s equilibrium tide, 
substitute in the preceding, ti for h, M for S, P' for P, I for w, e' for e, a for 
17, J) — v for ©, w —y for zzr, f+v for /, and g + v for g\ M denoting tho 
moon’s mass, v the right ascension of the ascending node of the moon’s orbit 
on the earth’s equator, ]) the mean moon’s right ascension at the time of that 
transit of Y across the meridian of Greenwich from which ^(as stated above) 
is reckoned, m the longitude of the moon’s perigee, a the mean angular 
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velocity of the moon’s radius vector, and e' the eccentricity of her orbit. With 
these explanations, it is better not to write out the formula, but rather to 
refer to (XIII.). Rut to complete the harmonic expression of the lunar 
equilibrium tide, so far as practically useful, we must include terms resulting 
from evection and variation, Mr. Roberts having, in working out the harmonic 
analysis of the Liverpool tides for the Committee, discovered very sensible 
effects of these porturbations of the moon’s motion, and having thenceforward 
analyzed for them regularly in every case in which the data were sufficiently 
complete. The only term of (VI.), (VII.), or (VIII.) having evectional and 
variational constituents which can be sensible in North- Atlantic ports is the 
chief semidiurnal tide represented by the first term of (VIII.). For other seas 
than the North Atlantic, the evectional and variational constituents of the 
two chief lunar diurnal tides represented by the first and last terms of (VII.) 
may be quite sensible ; but it is not worth while at present to work out the 
equilibrium-values of theso constituents ; it is onougli to give the equilibrium- 
values of the evectional and variational perturbations of the chief semidiurnal 
tide, as it is only for theso effects of evection and variation that the reductions 
hitherto performed give the data for comparison with observation. 

The theoretical expressions for tho effects of evection and variation on the 
moon’s coordinates are : — 


On longitude . 
On parallax . 


Evection. 

-e' sin [2(^'-J-j/— 0) — (^' + r— ot')] ; 

(7 

cos [%' + V— <f) — (<f + V - «' )] ; 

<7 


Variation. 


p(-) cos 2(<p r v — fji). 


In these expressions substitute for (j> + v and <p their approximate values, 

?X+D an( * - X + O 

y y 

use the results in the first term of (VIII.) modified to suit the moon ; and 
work out according to (XI.) and (XII.). Thus we find, for the evectional 
and variational semidiurnal tides, the equation (XIV.), page 301.] 


In I. and II. of the following Tables, tho coefficient (R), speed ( n ), and 
epoch (e) of each of the simple harmonic terms of (XIII.) are given separately 
for convenience of reference. Table I. contains the values of these quantities 
for the case of the sun’s equilibrium tide ; Table II. those for the moon’s 
equilibrium tido, with the addition of the evectional and variational consti- 
tuents of the semidiurnal tides. 
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Table I. 


T=| 5 P 8 «=24 , 6746 (a being taken in centimetres). 

* Ij 


Distinguish- 
ing Letters. 

No. 

of 

term. 

R-rT. 

n. 

6 . 


1. 

-*K 

0 

0 


2. 

|K sin 2 w 

0 

0 


3. 

£K« 

rj 

180°-O + *r 


4. 

|K sin 2 w 

2 , 

180°— 2© 

P. 

5. 

F sin (o cos 2 

r-2i» 

/ + 270° + 2 © 


6 . 

JF^ sin (d cos 2 iw 

y-3»f 

y* -f- 27 0° -f- 30 — 737 


7. 

|F^ sin w cos 2 |oi 

y- 1 / 

/+ 30° -f" © "f“87 


8 . 

F sin oi sin 2 |oi 

y+2i? 

/+ 90°— 2© 

K. 

9. 

F sin to cos oi 

y 

/+ 90° 


10. 

|F« sin to cos oi 

y+ *i 

/+9O°-0+w 


11 . 

&Fe sin oi cos oi 

y~ t) 

/+90°+O-w 

S. 

12. 

^ G (i + 2° 8 ^) 3 

2y — 2rj 

2<?+2 © 

T. 

13. 

lOe 

2y—‘3r] 

2r/+30-m 

R. 

14. 

|Gg (i+c° 8 W y 

2y — r? 

2 S r+180 o +©+« 


15. 

i ri /l — C08 01 \ 2 
iG ( 2 ) 

2(y+ jy) 

2«7-2© 

K. 

16. 

sin 2 oi 

2y 

% 
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Table II. 

T'=*^P'*a = 53-6045. 

2E 


ill 

S|3 

No. 

of 

term. 

R-rT'. 

n. 

e. 


1. 

-4K 

0 



2. 

|K sin 2 1 

0 



3. 

iKe 

or 

180°— j) -| 


4. 

|K sin 2 1 

2(7 

180° -2 5 +2v 

0. 

5. 

F sin I cos 2 ^1 

y — 2or 

/+270°+2j) - v 

Q. 

6. 

\ Fe ' sin I cos 2 ^1 

y — 3(7 

/-f 270° + 3]) *— v — to 


7. 

±Fe sin I cos 2 |I 

y — <y 

f 4- 90° 4~ D — 4" ' a^, 


8. 

F sin I sin 2 \1 

y 4” 2(7 

* /+ 90° -2 J 4-2* 

K. 

9. 

F sin I cos I 

y 

/+ 90°+ „ 

J. 

10. 

f F^' sin I cos I 

y+ CT 

/4- 90° — J) -j-y-j-'or' 


11. 

|Fe' sin I cos I 

y- cr 

f 4- 90° 4 - D 4-v — w' 

M. 

12. 

K't 1 )’ 

2(y- <r) 

2<7+2]> 

N. 

13. 

io-C+r 1 )' 

2y — 3<r 

2(/ 4~ 3 D — 

L. 

14. 

(Lt-If 

2y — O’ 

2 ^ 4 - 180° 4 - D 4“® r 


15. 


2(y-f < 7 ) 

2(7—2]) 

K. 

16. 

|G sin 2 1 

2y 

% + 2v 

X. 

17. 

UG,(1 

2y — ir-~2ri 

2c/ ■{■ 1 80° *|" J 2Q ~ ® 

v . 

18. 


2y — da-\-2f) 

2g+ 3]>-20+®r' 

8 . 

19. 

a»C- t-7G)‘ 

2(y - (j) 

2(7+2© 

IX. 

20. 

fioc+r7(f)‘ 

2(y — 2v + 17 ) 

2*7+ 2(2])-©) 


1876. 


z 
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In the following Tables (F) and (II f ) the numerical values of R, so far as 
they can be calculated, and of n are given. Table (F) corresponds to Table 
(I.) ; (II') to (III.) In Table (IF) two values of It bracketed together are 
given for each term— one for the mean maximum value of I, and the other 
for the mean minimum value of I. These values of I are taken as 28° 36' 7" 
and 18° 18' 31" respectively. 


Table (F). 

T=|^P 3 a=24-6746. 
i Jfcl 


Distin- 

guishing 

Letters. 

No. 

of 

term. 

R-fT. 

n. 

Speed in degrees 
per mean solar hour. 


1 . 

M 

1 

0 


2. 

# -0396 K 

0 


3. 

•008385 K 

•0410680 


4. 

•039G K 

•0821372 

P. 

6. 

•3816 F 

14-9589314 


6. 

•0224 F 

14-9178628 


7. 

•0032 F 

15 


8. 

•01644 E 

15-1232058 

K. 

9. 

•3651 F 

15-0410686 


10. 

•009185 F 

15-0821372 


11. 

•009185 F 

15 

S. 

12. 

•4595 G 

30 

T. 

13. 

•02697 G 

29-9589314 

R. 

14. 

•003853 G 

30-0410686 


15. 

•0008534 G 

30-1642744 

K. 

10. 

•0396 G 

30*0821372 
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Table (IF)* 

T' = S^P'* a = 53-6045. 
2 E 


Distin- 

^Letters. 

No. of 
term. 

R-rT\ 

n. 

Speed in degrees 
per mean solar hour. 


1. 


0 


2. 


/ -05729 K 
\ -02407 K 

0 


3. 


f -02745 K 
[ -02745 K 

0-5400165 


4. 


/ -05729 K 
l -02467 K 

1-0980330 

0. 

5. 


f -4495 E 
\ -3062 E 

13-9430356 

Q. 

6. 


/ -08637 F 
{ -05883 E 

13-3940191 


7. 


f -01231 E 
[ -008405 E 

14-4920521 


8. 


f -02921 F 
i -007951 E 

16-1391010 

K. 

9. 


f -4203 E 

L *2982 E 

15-0410680 

J. 

10. 

i 

f -03461 F 
k -02456 E 

15-5900851 


11. 

1 

•03401 F 
•02450 F 

14-4920521 

M. 

12. 


•4750 G 
•4408 G 

28-9841042 

N. 

13. 

\ 

r -09127 G 
k -08471 G 

28-4350877 

L. 

14. 

\ 

' -01304 G 
•01210 G 

29-5331207 


15. 

1 

’ -001862 G 
•0003203 G 

31-1801702 

K. 

16. 

/ -05729 G 

1 -02467 G 

300821372 

X. 

17. 

{ 

•0009144 G 
•0008488 G 

29-4509835 

V . 

18. 

{ 

•000400 G 
•005042 G 

28-5172249 

S. 

19. 

{ 

•0003324 G 
•0003084 G 

30-0000000 

h- 

20. 

{ 

•007647 G 
•007094 G 

27-9682084 


x2 
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Third Report of the Committee , consisting of Dr. Brunton, F.R.S., 
and Dr. Pye-Smith, appointed to investigate the Conditions of 
Intestinal Secretion and Movement. 

The first part of the task of your Committee respected the comparative effect 
on intestinal secretion of various salts locally applied, and the action of 
other drugs, either mingled with these or injected into the blood, in modify- 
ing their action. This was completed in our first Report, in which we gave 
an account of our experiments on the local action of purgative salts, and 
stated that atropia has not tho same inhibitory effect on intestinal secretion 
which it has on that of the submaxillary gland. 

Secondly, we ascertained last year that the same “ paralytic ” secretion which 
Moreau observed in dogs and rabbits occurs under similar conditions in cats ; 
and, further, that this effect is not produced by division of the pneumogastric 
nerves and cervical sympathetic cord, nor by section of the splanchnics and 
spinal cord, and that all these sources of nervous supply may be cut off, and 
both semilunar ganglia extirpated, without paralytic secretion following. 
We ventured to anticipate that the inhibitory centre sought would be found 
in the smaller ganglia of the solar plexus. W e had also noticed that hyperaemia 
or haemorrhage of the intestinal mucous membrane does not follow either upon 
division of the splanchnics or upon extirpation of the lumbar portion of the 
spinal cord, but frequently occurs when both these operations have been 
performed together. 

This year your Committee have succeeded in proving positively that the 
conclusion they had reached by the method of exclusion is correct, namely, 
that the paralytic secretion of Moreau may bo produced by extirpation of the 
smaller ganglia of the solar plexus, including those which are found in the 
superior mesenteric plexus. 

We have also ascertained that removal of these ganglia is rarely followed 
by hyperaemia or haemorrhage of tho intestinal mucous membrane. 

Thirdly, turning to the last section of our investigation, tho movements of 
the intestine, we have obtained fairly conclusive evidence that its peristaltic 
movement (in the cat) is unaffected by irritation of the distal end of the 
divided splanchnics, but is called forth by stimulation of their proximal part. 

The conclusions, then, to which your Committee have been led may be 
thus summed up : — 

1. Application of various soda and potash salts to the intestinal mucous 
membrane produces a more or less profuse secretion, that caused by sulphate 
of magnesia, acetate of potash, sulphate of soda, and tartrate of potash and 
soda being most abundant. 

2. The presence (in the intestine or in the blood) of atropia, morphia, 
chloral, &c. does not prevent the above action of sulphate of magnesia. 

3. Tho secretory nerves of the intestines have tho small ganglia of the 
solar and superior mesenteric plexuses for their centres ; hence secretion is 
unaffected by section of the splanchnics, the vagi, or the dorso-lumbar part 
of the cord. 

4. Destruction of the lutnoar part of the cord, after extirpation of the solar 
plexus, produces haemorrhage or hyperaemia of the intestinal mucous mem- 
brane, which is absent after division of the splanchnics, destruction of the 
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semilunar ganglia and solar plexus, or division of the mesenteric nerves 
themselves. 

5. The splanchnic nerves are, as usually admitted, the vasomotor nerves of 
the intestines, but have no centrifugal fibres to their muscular coats, and 
can only indirectly affect them by diminishing their supply of blood. 

6. The splanchnics are the afferent nerves which regulate peristalsis of the 
intestine, the efferent stimulus probably reaching its intraparietal ganglia 
through the lumbar cord and abdominal sympathetic. 

The following are the details of the experiments made this year. With 
those described in our two preceding Reports, they make up a total of more 
than a hundred, as the basis of the above conclusions. 

In the first series wo continued and completed the experiments in our last 
Report, undertaken to ascertain the nervous centre, separation from which 
produces the “ paralytic ” secretion of Moreau. Starting from the negative 
results with which we concluded our research last year, it will be seen that, 
of the thirteen cases in which wo removed the solar or the superior mesenteric 
plexus, paralytic secretion resulted abundantly in Nos. 1, 2, 3, and 13, where 
both were removed. The same effect was produced in Nos. 7, 8, and 10, 
where the splanchnics and semilunar ganglia were left intact, and only the 
smaller (inferior) ganglia of the solar plexus, with the superior mesenteric 
offset from it, were excised. In No. 5, and also in No. 14, the paralytic 
secretion was likewise present, though less abundant. In four cases 
(Nos. 4, 0, 9, and 11) there was little or none; but in three of these 
cases the dissection, by which we verified in each case the completeness of 
the lesion produced, showed that the plexus had only been torn away from 
the artery without complete excision of its ganglia ; and in No. 11 the superior 
mesenteric plexus was simply cut across, so as to separate it from the semi- 
lunar ganglia and splanchnics, with the superior part of the solar plexus. Thus 
the negative results here, like those of last year’s experiments, confirm 
our present conclusions. In No. 12 there was enough fluid found to 
fill the loop moderately, but the rest of the intestine was empty: dis- 
section did not show any defect in the previous operation, nor had there 
been haemorrhage, diarrhoea, or sickness. It will, however, be noted that in 
this experiment less time had elapsed than in any of the others (2 instead of 
3|, 4, 5, or G hours) ; and this fact, taken with the observation of the most 
abundant secretion having followed the longest period between the excision 
of the plexus and the animal being killed (see No. 7), may perhaps explain 
the scanty secretion in this instance. 

The concluding series of experiments are on a difficult subject, which has 
already engaged the attention of Ludwig and his pupils, of Lister, Pfluger, 
Wundt, Von Basch, and other distinguished physiologists. Whether wo are 
justified in the conclusions which we have drawn we must wait for time to 
determine, and will only add that we are well aware of the many possible 
fallacies which attend the inquiry, as well as of the conflicting results of 
previous investigators. 


P.S. — Since this Report was presented (Glasgow, 1876), one of us, who was 
fortunate in securing the requisite Certificate from the Home Office, has 
obtained fresh results confirming those of the second series of these experi- 
ments. — July 1877. 
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SUMMAEY OF EXPERIMENTS * 


First Series. 


No. 

Lesion. 

Ilours. 

Result. 

1. 

Excision of both semilunar gan- 
glia and of the superior mesen- 
teric plexus. Two 4-inch loops 
ligatured at beginning of je- 
junum and at end of ileum. 

5 

tipper loop empty ; mucous mem- 
brane dry. between the loops 
20 c, c. of mucus and serum 
without bile or blood ; mucous 
membrane moist. Lower loop 
contained a little of the same. 
Serous coat congested. 

2. 

Same as 1. Superior mesenteric 
artery accidentally wounded 
and ligatured. Diarrhoea before 
end ot operation. Loops empty 
before ligature. 

44 

Oat vomited shortly before it was 
killed. Peritoneal congestion of 
intestines. Duodenum, mucous 
membrane congested, haemor- 
rhage into the gut. Upper 
loop, 5 c. c. of pale opalescent 
fluidt. Between the loops 40 c.c. 
of similar but rather thicker 
fluid, with a few streaks of blood 
which was accidentally mixed 
with it. Lower loop, 8 c. c. of 
thin glairy fluid. Mucous mem- 
brane congested throughout. 

3*. 

Same as 1 

4 

Upper loop, 8 c. o. of bile-stained 
fluid. Between loops, 45 c. c. of 
turbid fluid. Lower loop, 8 c. c. 
of clear glairy fluid. Mucous 
membrane normal. 

4. 

Mesenteric plexus alone excised. 

a-4 

All the loops empty, except a tape- 
worm in the ileum. Mucous 
membrane pale. [On dissection, 
it was found that the operation 
had been very imperfectly per- 
formed, so that the greater part 
of the plexus was intact.] 

6. 

Same as 4. Three 4-inch loops 
in jejunum ; middle and lower 
ileum tied. 

1 

4 

Duodenum partly contracted, with 
some fluid contents Upper loop, 

7 c. c. of fluid. Middle, 6 c. c., 
with small tapeworm. Lower, 

4 c. c. (darker) and a tapeworm. 
Intestine injected outside 

throughout ; mucous membrane 
in upper loop injected, in the 




others normal. 


* The animals used throughout were cats, and the anaesthetic employed was chloroform, 
t The laboratory assistant, who had been a soldier in India, remarked that this fluid 
was just like the rice-water stools he had seen in cholera epidemics. 

} This cat was white, with grey eyes, and was deAf. 
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Same as 4 3£ 


7- Same as 4. 


Same as 4. Two loops tied ; one 5. 
in upper jejunum 8 in., the 
other m lower ileum 0 in. 


9. Same as 4 1 4.. 


' Same as 4. One loo}) lied in lower 4 . 
I ileum 18 in. Lacteal full. 


Superior mesenteric divided 
from the solar plexus, but no 
ganglia removed. 

Superior mesenteric plexus di- 
vided, and both semilunar 
ganglia excised. 

Solar plexus excised Superior 
mesenteric artery isolated by 
| excision of its plexus Three 
j loops as in N o. 5. 


Upper loop, tapeworm and 
round worms. Middle empty. 
Lower, tapeworms. Mucous 
membrane pale and bile-stained. 
[The superior mesenteric plexus 
was found to have been only de- 
tached without excision.] 

Upper loop, a little clear fluid. 
Let ween loops, 52 c. c. of yel- 
lowish, rather turbid and tena- 
cious fluid. Lower empty. Mu- 
cous membrane pale. N o worms. 
Serous coat injected. 

Upper loop, 21 c. c. of turbid and 
blood-stained fluid ; tapeworm 
and round worms. Between 
loops, 28 c. c. of similar fluid ; 
no worms. Lower loop, 22 c. c. 
of serous fluid ; no worms. Mu- 
cous membrane pale throughout, 
and viscera anaemic. 

. The whole intestine empty. Mu- 
cous membrane dry. One small 
tapeworm. Clot in peritoneum 
from oozing of a small vessel. 
[Some of the plexus was found 
only separated from the artery, 
but not destroyed ] 

. Jejunum and upper ileum (25 in.), 
27 c. c yellow turbid fluid. 
Loop 45 c. c. same fluid. Mu- 
cous membrane rather pale. 
No worms Congested exter- 
nally, and serous effusion in 
poritoneum. 

. Negat.ixe result. 


! Only a few c. c. of glairy fluid 
I m the loop. 

| 

The cat was sick during the night, 

| and passed mucous stools. After 
1 it was killed next morning there 
i was no peritonitis found, but ef- 
I fusion of chyle from puncture of 
, a lacteal during the operation, 
j U pper loop filled with dark brown 
fluid. Middle the same, but not 
j so abundant. Lower, as upper. 

| Mucous membrane pale, oedema- 
j to us, and covered with thm te- 
nacious mucus. Two round 
J worms and a tapeworm. 
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Second Series. 

14. — Cat under chloroform. Abdomen opened, and intestines exposed for 
6 or 6 minutes to the air. No movement. The interrupted current from 
DuBois Reymond’s induction-coil was used in this and the succeeding ex- 
periments. Electrodes placed under left splanchnic . Secondary coil at 25, 
no effect ; at 15, doubtful ; at 10, rapid anaemia of stomach and small intes- 
tines and of a large mesenteric gland. No movement. Coil at 7 : con- 
tinued anaemia, which now extended to the kidneys ; no movement ; after 
removal of the irritation, the anaemia continued and even increased for a 
short time in the intestines, the kidneys recovering their normal vascularity 
more quickly. 

After the intestines had regained their normal vascularity, the coil was put 
at 5, and the left splanchnic again irritated for 5 minutes. The effect was 
the same, but much less decided than before. After the current was stopped, 
the intestines became rapidly hyperaemic. The irritation once more applied, 
with the coil at 0, anaemia only ensued after 30 seconds. No movement 
of the intestines. Ten minutes later the current was applied to the 
right splanchnic with the secondary coil at 25 : no effect. Coil moved to 
15 : anaemia of stomach and intestines ; slight movement, which had begun 
before the first irritation, now ceased. Current stopped : normal vascularity 
recovered ; peristalsis began again, and became rather active ; ecchymosis 
apparent under the tunic of the right kidney. 

Intestines at rest : vascularity normal. Right splanchnic irritated with coil 
at 10 : after two minutes, anaemia of stomach and some coils of intestine. 
Moved to 5, the large arteries became evidently smaller, though the vascularity 
of the viscera was still only partially affected. After two miuutes more no 
movement. 

The solar plexus, including the semilunar ganglia, was now excised, and 
the superior mesenteric artery isolated. The intestines were somewhat hyper- 
eemic, the kidneys normal, peristalsis rather active. An upper and lower 
loop of 8 in. each ligatured as before. Coil at 15 : electrodes applied to both 
8planchnics so as to irritate them at the same time : no anaemia ; movement 
slightly increased. Coil at 10 : no anaemia ; movement considerably increased. 
Coil at 5 : active peristalsis of stomach and intestines, doubtful decrease of 
vascularity. 

The left splanchnic was next divided, and the olectrodes applied to its 
proximal end , with the coil at 25. The movements which were going on 
before continued active, while the coil was moved to 15, 10, and 5. Slight 
anaemia appeared with the coil at 15, and did not increase. After the 
current was stopped, the intestines continued their movements, and quickly 
recovered a normal or perhaps slightly excessive vascularity. Presh irrita- 
tion a few minutes later (of tho proximal end of the left splanchnic) produced 
no change in vascularity or in movement of the intestine. 

The cat died several hours later without having vomited. The greater 
part of the small intestine contained only a moderate quantity of fluid, but 
the lower loop was filled with serum and thick white mucus. No worms. 
On dissection the right semilunar ganglion and solar plexus adjacent were 
found to be imperfectly removed : otherwise the operation had succeeded. 

15. — Cat under chloroform. Abdomen opened and electrodes put on the 
left splanchnic , with coil at 25 : no peristalsis, moderate injection. Current 
on ; at first apparent slight increase of vascularity, but when the coil was 
moved to 15, pallor, with contraction of the branches of the superior mesen- 
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teric artery, became marked. No movement of stomach or intestines took 
place. 

16. — Cat chloroformed and put into a bath of *75 per cent, salt solution at 
90° to 100° E., with the trachea opened so as to allow of complete immer- 
sion*. After electrodes had been put on both splanchnics , with the intestines 
at rest and moderately injected, the current was put on with a commutator, 
so as to pass through both nerves at once with the coil at 25, shifted after 
two minutes to 15, and then to 5 and to 0, but without visible effect. 

17. — Cat chloroformed and abdomen opened. Intestines pale. Pregnant 
uterus. No peristalsis. Both splanchnics divided . Proximal end of right 
irritated, with the coil at 25. After two minutes the uterus began moving : 
on breaking the circuit this ceased gradually. The same occurred on applying 
the electrodes in the same way to the left splanchnic , the intestines still re- 
maining motionless and their injection not varying. The narcosis was kept 
only moderately deep, the tail constantly moving. At every third or fourth 
expiration there was a strong contraction of the abdominal walls with relaxed 
diaphragm (effort at vomiting). 

Electrodes were then applied to (the proximal end of) both splanchnics , 
and the current passed through both at once. Coil at 25 : no change : intes- 
tines drawn out from abdomen so as to bring the greater part into view ; they 
were motionless and moderately vascular. Coil at 15, current on : active 
peristalsis began, and soon spread to all the small intestines ; the uterus also 
moved as before ; vascularity of the viscera not altered. After three minutes 
the current was stopped, and the movements quickly ceased. Repeated with 
the coil at 5 and at 10 no effect was produced, but general movements of the 
voluntary muscles ensued from escape of the current. 

The animal was then placed in a bath of *75 per cent, of salt solution at 
about 90° F., arranged so as to cover the abdomen but allow of respiration, 
and both splanchnics were irritated with the coil at 10: no effect. 

Removed from bath : no movement. Left splanchnic (proximal end as 
before) irritated with coil at 15. After 30 seconds active peristalsis began 
in the colon, the uterus, and some folds of the small intestine. Moved to 10, 
peristalsis appeared in fresh folds, which ceased on stopping the current. 

Electrodes on right splanchnic : coil at 15 : no movement. Current on : 
after a few seconds active peristalsis began in the stomach, spread to the 
intestines, and by the end of the first minute all the small intestines were in 
movement, as well as the uterus, the colon not participating. Moved up to 
10, increased activity of motion, the colon continuing quiet, and the vascu- 
larity of the viscera not affected, except as the tight contraction of the gut 
produced transient pallor. On stopping the current, peristalsis ceased within 
two minutes. 

The electrodes were then applied to the superior mesenteric plexus, which 
was isolated for the purpose. Coil at 15, current on : slight movement 
occurred, but not constantly ; the vascularity of the small intestine was 
distinctly, though only moderately diminished. Applied to the renal plexus 
no change was visible, but after removal the kidney increased in vascularity. 
Applied lastly to the nerves going to the spleen, that viscus shrunk from 5£ to 
5 inches in length. 

18. — Cat under chloroform. Both splanchnics divided , and distal end of 
left placed on electrodes, the intestines being anaemic and at rest. Coil at 
25, current on : after 90 seconds there was very slight and limited peri- 

* This precaution (in which we followed Sanders Ezn and Houckgeest) we found to 
be useless for the object in view, and do not recommend it to future investigators. 
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stalsis, but no other change. With the coil at 15 there was no movement, 
but the intestines were more vascular than before, which may, however, have 
been due to sponging with warm water to remove some blood. 

Experiment repeated with the animal in the bath. There was then no 
change in vascularity, and no movement, except very slight peristalsis in a 
single coil. (This cat had suffered from haemorrhage, owing to the liver being 
bruised in restoring it by artificial respiration. The fact was discovered after 
the animal was killed, and explained its feeble state during the experiments.) 

IQ.—Cat chloroformed. Both splanchnics divided . Electrodes placed on 
proximal end of left , and the animal immersed in the bath at 100° E. There 
was at first active peristalsis, and after this had ceased, stimulation, with the 
coil at 25, produced no effect on the vascularity or movement of the intes- 
tines. Repeated out of the water there was still no movement, but the in- 
testines became less vascular while the current passed, and then somewhat 
hyperaemic. 

Stimulation of the proximal end of the right splanchnic out of the bath 
produced active peristalsis. The vascularity varied irregularly, and probably 
independently, with moderate injection after the current was stopped. 

On the left splanchnic being again irritated after an interval (with the coil 
still at 25), peristalsis, which had become very languid, was distinctly in- 
creased. The intestines became pale during the strong contraction of each 
coil, but otherwise their vascularity was unaffected. 

Stimulation of the splenic plexus reduced the length of the spleen from 3J 
to 3^ inches. 


Report of the Committee, consisting of A. Vernon Harcourt, Professor 
Gladstone, and Dr. Atkinson, appointed for the purpose of collect- 
ing and * ■ * ’ • subjects for Chemical Research . 

Before entering upon the task of forming a list of subjects, the members 
of the Committee took opportunities of discussing the question privately 
with other chemists, and found in many cases considerable doubts as to the 
advisability of such a proceeding. Instead, therefore, of at once inviting 
suggestions for research, the Committee considered it desirable to ascertain 
the opinion of English chemists generally as to the feasibility of the proposed 
scheme. The following Circular was accordingly sent to about fifty chemists, 
who were either those of the highest official standing, or who were known 
to be engaged in research : — 


“ British Association for the Advancement of Science. 

“ April 24, 1876. 

“ Dear Sir, — At the last Meeting of the British Association a Committee was 
appointed, consisting of Mr. Vernon Harcourt, Dr. Gladstone, and Dr. E. Atkinson, 
with power to add to their number, to collect and suggest subjects for chemical 
research. 

“ When the matter was discussed by the Committee of the Chemical Section, 
at whose instance the above-named Committee was appointed, it was thought that 
a step might be taken towards the organization of cnemical inquiry by the for- 
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mation and publication of a list of subjects to be suggested by the leading chemists 
of our own country, and, if possible, of other countries also, from which younger 
chemists wishing to undertake a research might select a subject with the assurance 
that it was considered new and important. 

“It was thought also that such a list, however meagre and inadequate it might 
be at the outset, would tend to increase as soon as the plan became more widely 
known, and might ultimately, if chemists of other countries were willing to take 
part, become an important feature in a general organization of chemical research. 

“A chemist undertaking the in\<Mi<;utioii of any one of the suggested subjects 
would send word to the editors of the list, and might be placed in communi- 
cation with the chemist by whom the subject was suggested. Each issue of the 
list, which might be republished at frequent intervals in some of the chemical 
journals, would state which subjects had been already undertaken and by whom, 
and thus the waste of labour which sometimes occurs through simultaneous work 
on the same subject would be prevented. 

“It has, however, been objected that chemists are not likely to be so prodigal of 
their ideas as such a scheme supposes, and may prefer keeping the subjects of 
research which have suggested themselves to their minds for their own or their 
pupils’ investigation. The answer to this would seem to depend upon the answer 
to the general question, whether the supply of ideas or suggestions for research 
existing in the minds of the leading chemists at the present day does or does not 
largely exceed the number of skilled hands at their disposal. 

“Before, therefore, proceeding to invite you and others to suggest subjects to 
be placed upon the proposed list, the Committee are desirous of learning whether 
in your judgment the scheme is likely to succeed, and whether, if the attempt to 
form such a list is made, you would be willing to contribute to it ; they would also 
be glad of any opinions in reference to the matter with which you may favour 
them. 

“ We are, dear Sir, 

“ Yours faithfully, 

“ A. G. Vernon IIarcourt, 
u J. H. Gladstone, 

“ E. Atkinson.” 

“P.S. Please address your answer, Dr. Atkinson, York Town, Surrey.” 

To this Circular only eight written replies were received, of which four may 
be classed as favourable, namely, those from Mr. Abel, President of the 
Chemical Society, Prof. Mills, Mr. Bolas, and Mr. 11. Warington; three 
as adverse to the scheme, viz. from Dr. Joule, Mr. Hartley, and Mr. Groves, 
the latter embodying the views of Dr. Stenhouse ; and one as doubtful from 
Mr. Buckton. 

Among the objections raised to the proposed scheme perhaps the following 
have been the most general : — 

That suggestions for subjects of research would only be needed by, or be 
useful to, students and beginnors, and that such men would generally be under 
the guidance of Professors, who would provide them with subjects ; that the 
suggestion of a subject is generally its least part; that what students really want 
is guidance and instruction in the art of investigation ; that any one who had 
originality and power to make a satisfactory research would also be able to 
find subjects for himself ; that facilities and material appliances for research, 
together with the means of living for those thus engaged, were more pressing 
wants ; that any one contributing suggestions for research would reserve for 
his own use the best of them, that is to say, those most likely to give im- 
portant and satisfactory results. 

Of the letters received, the Committee may perhaps give the following from 
Mr. Buckton and from Dr. J oule : — 
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‘ ‘ W yoombe, Haalemere. 

“ I believe that the result of chemical inquiry would be greater and more 
important in nature if the suggestions made by your Committee could be 
efficiently carried out. I must confess, however, that my fears shape them- 
selves very much after the fashion expressed by paragraph 5 of your Circular. 

“ Original workers, I believe, always are under the hope that eventually 
time and opportunity will present themselves, so that they will allow them 
personally to work out their brightest and most promising ideas. If this be 
so, but few of such will find a place in the contemplated list. Again, hesita- 
tion might be felt amongst some lest the most promising subjects should 
be negatived by the results of an inexperienced hand. 

“ The number of skilled hands in our laboratories is certainly larger than 
formerly, yet probably in this country latterly the harvest of original work 
has not been in due proportion to this number. 

“ If so, the steps proposed towards the organization of chemical inquiry by 
way of a list will, I think, be beneficial. 

“ G. B. Buckton.” 

“ Manchester, May 4, 1876. 

“ We know that the scientific faculty is of slow growth in the case of any 
individual student. He becomes interested in a particular line of inquiry, 
and in pursuing it becomes further interested by the acquisition of new facts. 
The original inquiry will naturally ramify, and there will be a completeness 
about his work and also an accuracy which could not be expected from that 
done as it were to order. I think, too, that the mere suggestions of a research 
may tend to make it unpalatable to many minds. We know that mere sug- 
gestions have in some instances been claimed as discoveries. On this account 
many would feel some delicacy in even suggesting an inquiry, necessarily 
accompanied by the suggestion of the expected result, simply because it looks 
like a forestalling to some extent of the merit of the actual labourer. 

“Then, in order to be in a position to suggest, a scientific man must have 
mentally worked out the methods and anticipated the results of the proposed 
train of investigation, and would doubtless prefer to work it out himself, or, 
at any rate, to have the work done by his pupils under his immediate super- 
intendence — first, because he naturally wishes that full justice should be done 
to the subject from his own point of view ; and second, because he considers 
himself to a certain extent in the light of a proprietor. 

“ I do not think it desirable to use any extra stimulus to induce students 
to work. If their own tastes and abilities and information do not lead them 
to find a vein of knowledge and work it, the application of such stimulus 
would probably result in the accumulation of incomplete and erroneous results 
to the hindrance of real scientific advancement. 

“ James P. Joule.” 

In order that the proposed scheme should be successful it ought to meet 
with very general support. This has been far from being the case, and there- 
fore the Committee have not thought it advisable to proceed further in the 
matter. 
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MISCELLANEOUS COMMUNICATIONS TO THE SECTIONS. 


MATHEMATICS AND PHYSICS. 

Address by Professor Sir William Thomson, LL.D ., M.A.^ F.ll.S ., President 

of the Section. 

A conversation which I had with Professor Newcomb one evening last June, in 
Professor Henry’s draw ing-room in the Smithsonian Institution, Washington, has 
forced me to give all my spare thoughts ever since to Hopkins’s problem of Preces- 
sion and Nutation, assuming the earth a rigid spheroidal shell filled with liquid. 
Six weeks ago, when I landed in England after a most interesting trip to America 
and back, and became painfully conscious that I must have the honour to address 
you here today, I wished to write an Address of which science in America should 
foe the subject. I came home, indeed, vividly impressed with much that I had 
seen both in the Great Exhibition of Philadelphia and out of it, showing the truest 
scientific spirit and devotion, the originality, the inventiveness, the patient perseve- 
ring thoroughness of work, the appreciativeness, and the generous open-mindedness 
and sympathy, from which the great things of science come. 

“ 0e\w Xeyetj/ ’Arpeidas 
0('\w di K aOfiov qidtiv” 

I wish I could speak to you of the veteran llenry, generous rival of Faraday in 
electromagnetic discovery; of Peirce, the founder of high mathematics in America; 
of Bache, and of the splendid heritage he has left to America and to the world in 
the United-States Coast Survey ; of the great school of astronomers which followed 
— Gould, Newton, Newcomb, Watson, Young, Alvan Clarke, Rutherford, Draper 
(father and son) ; of Commander Belknap and his great exploration of the Pacific 
depths by pianoforte-wire with imperfect apparatus supplied from Glasgow, out of 
which he forced a success in his own way ; of Captain Sigsbee, who followed 
with like fervour and resolution, and made further improvements in the apparatus 
by which he has done marvels of easy, quick, and sure deep-sea sounding in his 
little surveying-ship ‘ Blake ; ’ and of the admirable official spirit which makes such 
men and such doings possible in the United-States Naval Service. I would like to 
tell you, too, of my reasons for confidently expecting that American hydrography 
will soon supply the data from tidal observations, long ago asked of our Govern- 
ment in vain by a Committee of the British Association, by which the amount of 
the earth’s elastic yielding to the distorting influence of sun and moon will be 
measured ; and of my strong hope that the Compass Department of the American 
Navy will repay the debt to France, England, and Germany, so appreciatively 
acknowledged in their reprint of the works of Poisson, Airy, Archibald Smith, 
1876. 1 
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Evans, and the Liverpool Compass Committee, by giving in return a fresh marine 
survey of terrestrial magnetism, to supply the navigator with data for correcting 
his compass without sights of sun or stars. 

Can 1 go on to Precession and Nutation without a word of what I saw in the 
Great Exhibition of Philadelphia ? In the U.S. Government part of it, Professor 
Hilgard showed me the measuring-rods of the U.S. Coast Survey, with their beau- 
tiful mechanical appliances for end measurement, by which the three great base- 
lines of Maine, Long Island, and Georgia were measured with about the same 
accuracy as the most accurate scientific measurers, whether of Europe or America, 
have attained in comparing two metre or yard measures. 

In the United-States telegraphic department I saw and heard Elisha Gray’s 
splendidly worked -out Electric Telephone actually sounding four messages simul- 
taneously on the Morse code, and clearly capable of doing yet four times as many 
with very moderate improvements of detail ; and I saw Edison’s Automatic Tele- 
graph delivering 1015 words in 57 seconds — this done by the long-neglected 
electro-chemical method of Bain, long ago condemned in England to the helot 
work of recording from a relay, and then turned adrift as needlessly delicate for 

that. In the Canadian Department I heard “ To be or not to be there’s the 

rub,’’ through an electric telegraph wire ; but, scorning monosyllables, the electric 
articulation rose to higher flights, and gave me passages taken at random from the 
New- York newspapers : — “ S.S. 1 Cox ’ lias arrived ” (I failed to make out the S.S. 
< Cox ’) ; “ the City of New York “ Senator Moi*ton “ The Senate has resolved to 
print a thousand extra copies “ The Americans in London have resolved to 
celebrate the coming fourth of July.” All this my own ears heard, spoken to me 
with unmistakable distinctness bv the thin circular disk armature of just such 
another little electromagnet as this which I hold in my hand. The words were 
shouted with a clear and loud voice by my colleague-judge, Professor Watson, at 
the far end of the telegraph-wire, holding his mouth close to a stretched membrane, 
such as you see before 3 ou here, eanying a little piece of soft iron, which was thus 
made to perform in the neighbourhood of an electromagnet in circuit with the line 
motions proportional to the sonorifie motions of the air. This, the greatest by far 
of all the marvels of the electric telegraph, is due to a young countryman of our own, 
Mr. Graham Bell, of Edinburgh and Montreal and Boston, now becoming a 
naturalized citizen of the United States. Who can but admire the hardihood of 
invention which devised such very slight means to realize the mathematical con- 
ception that, if electricity is to com ev all the delicacies of quality which di- 
stinguish articulate speech, the strength of its current must vary continuously and 
as nearly as may be in simple proportion to the velocity of a particle of air engaged 
in < ! : the sound ? 

I \\ ■ i Museum of Washington (an institution of which the nation is justly 
proud) and the beneficent working of the United-States patent laws deserve notice 
m the Section of the British Association concerned with branches of science to 
which nine tenths of all the useful patents of the world owe their foundations. 
I was much struck with the prevalence of patented inventions in the Exhibition : 
it seemed to me that eveiy good thing deserving a patent was patonted. I asked 
one inventor of a very good invention, “ Why don’t you patent it in England ? ” 
He answered, “ The conditions in England are too onerous.” We certainly are far 
behind America’s wisdom in this respect. If Europe does not amend its patent 
laws (England in the opposite direction to that proposed in the Bills before the 
last two sessions of Parliament) America will speedily become the nursery of 
useful inventions for the world. 

I should tell you also of “ Old Prob’s ” m ■ fri . r-u a which cost the nation 

250,000 dollars a year: money well spent say the western farmers; and not they 
alone ; in this the whole people of the united States are agreed ; and though Demo- 
crats or Republicans playing the “economical ticket ” may for half a session stop 
the appropriations for even the United-States Coast Survey, no one would for a 
moment think of proposing to starve “ Old Prob ; ” and now that 80 per cent, of his 
probabilities have proved true, and General Myers has for a month back ceased to 
call his daily forecasts “ probabilities ” and has begun to call them indications, what 
will the western farmers call him this time next year ? 
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And the United-States Naval Observatory, full of the veiy highest science, under 
the command of Admiral Davis ! If, to get on to Precession and Nutation, I had 
resolved to omit telling you that I had there, in an instrument for measuring pho- 
tographs of the Transit of Venus shown me by Professor Darkness (a young Scots- 
man attracted into the United-States Naval Service), seen, for the first time in an 
astronomical observatory, a geometrical slide, the verdict on the disaster on board 
the 1 Thunderer,’ published while I am wilting this address, forbids me to keep any 
such resolution, and compels me to put the question — Is there in the British Navy, 
or in a British steamer, or in a British land-boiler another safety-valve so con- 
structed that by any possibility, at any temperature or under any stress, it can jam ? 
and to say that if there is, it must be instantly corrected or removed. 

I ought to speak to you, too, of the already venerable Harvard University, the 
Cambridge of America, and of the T-- hv 1 j\.il Institute of Boston, created by 
I,' • ' ■: brother of my late coiieague in this University (Glasgow), Henry 
liogers, and of the Johns IIopkin9 University of Baltimore, which with its youthful 
vigour has torn Sylvester from us, has utilized the genius and working-power of 
Poland for experimental research, and three days after my arrival in America sent 
for the young Porter Poinier to make him a Fellow ; but he was on his deathbed, 
in New York, M begging his physicians to keep him alive just to finish his hook, 
and then he would be willing to go.” Of his book, i Thermodynamics, ’ we may 
hope to see at least a part, for much of the manuscript and good and able 
friends to edit it are left; but the appointment to a Fellowship in the Johns 
Hopkins University came a day too late to gratify his noble ambition. 

But the stimulus of intercourse with American scientific men left no place in 
my mind for framing or attempting to frame a report on American science. Dis- 
turbed by Newcomb’s suspicions of the earth’s irregularities as a time-keeper, I 
could think of nothing but precession and nutation, and tides and monsoons, and 
settlements of the equatorial regions, and meltings of the polar ice. ' Week after 
week passed before I could put down two words which I could read to you here 
today ; and so I have nothing to offer you for my Address but 


Review of Evidence regarding the Physical Condition of the Earth: its internal 
Temperature ; the Fluidity or Solidity of its interior Substance ; the 
Rigidity , Elasticity , Plasticity , of its External Figure; and the Per- 
manence or Variability of its Period and Axis of Rotation. 

The evidence of a high internal temperature is too well known to need any quo- 
tation of particulars at present, Suffice it to say that below the uppermost ten 
metres stratum of rock or soil sensibly affected by diurnal and annual variations of 
temperature there is generally found a gradual increase of temperature downwards, 
approximating roughly in ordinary localities to an average rate of 1° Centigrade 
per thirty metres of descent, but much greater in the ■■■ ’ «• ■ s : of active vol- 

canoes and certain other special localities, of comparativ ely small area, where hot 
springs and perhaps also sulphurous vapours prove an intimate relationship to vol- 
canic quality. It is worthy of remark in passing that, so far as we know at present, 
there are no localities of exceptionally small rate of augmentation of underground 
temperature, and none where temperature diminishes at any time through any con- 
siderable depth downwards below the stratum sensibly influenced by summer heat 
and winter cold. Any considerable area of the earth of, say, not less than a kilo- 
metre in any horizontal diameter, which for several thousand years had been covered 
by snow -or ice, and from which the ice had melted away and left an average surface 
temperature of 18° Cent., would, during 900 years, show a decreasing temperature 
for some depth down from the surface ; and 8000 years after the clearing away of 
the ice would still show residual effect of the ancient cold, in a half rate of aug- 
mentation of temperature downwards in the upper strata, gradually increasing to 
the whole normal rate, which would be sensibly reached at a depth of 000 metres. 

By a simple effort of ■Vjrlivl calculus it has been estimated that 1° per 80 
metres gives 1000° per u.. : res, and 3388° per 100 kilometres. This arith- 

metical result is irrefragable j but what of the physical conclusion drawn from it 
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with marvellous frequency and pertinacity, that at depths of from 30 to 100 kilo- 
metres the temperatures are so high as to melt all substances composing the earth’s 
upper crust ? It lias been remarked, indeed, that if observation snowed any dimi- 
nution or augmentation of the rate of increase of underground temperature in great 
depths, it would not be right to reckon on the uniform rate of 1° per 30 metres or 
thereabouts down to 30 or 60 or 100 kilometres. “ But observation has shown 
nothing of the kind ; and therefore surely it is most consonant with inductive philo- 
sophy to admit no great deviation in any part of the earth’s solid crust from the 
rate of increase proved by observation as far as the greatest depths to which we 
have reached ! ” Now I nave to remark upon this argument that the greatest depth 
to which we have reached in observations of underground temperature is scarcely 
one kilometre ; and that if a 10-per-cent, diminution of the rate of augmentation of 
underground temperature downwards were found at a depth of one kilometre, this 
would demonstrate * that within the last 100,000 years the upper surface of the 
earth must have been at a higher temperature than that now found at the depth 
of one kilometre. Such a result is no doubt to be found by observation in places 
which have been overflown by lava in the memory of man or a few thousand 
years further back ; but if, without going deeper than a kilometre, a 10-per-cent, 
diminution of the rate of increase of temperature downwards were found for the 
whole earth, it would limit the whole of geological history to within 100,000 
years, or, at all events, would interpose an absolute barrier against the continuous 
descent of life on the earth from earlier periods than 100,000 years ago. There- 
fore, although search in particular localities for a diminution of the rate of aug- 
mentation of underground temperature in depths of less than a kilometre may be 
of intense interest, as helping us to fix the dates of extinct volcanic actions which 
have taken place within 100,000 years or so, we know enough from thoroughly sure 
geological evidence not to expect to find it, except in particular localities, and to 
feel quite sure that we shall not find it under any considerable portion of the earth’s 
surface. If we admit as possible any such discontinuity within 900,000 years, we 
might be prepared to find a sensible diminution of the rate at three kilometres 
depth ; but not at any thing less than 30 kilometres if geologists validly claim as 
much as 90,000,000 of years for the length of the time with which their science is 
concerned. Now this implies a temperature of 1000° Cent, at the depth of 30 kilo- 
metres, allows something less than 2000° for the temperature at GO kilometres, and 
does not require much more than 4000° Cent, at any depth however great, but does 
require at the great depths a temperature of, at all events, not less than about 4000° 
Cent. It would not take much “ hurrying up ” of the actions with which they are 
concerned to satisfy geologists with the more moderate estimate of 50,000,000 of 
years. This would imply at least about 3000° Cent, for the limiting temperature 
at great depths. If the actual substance of the earth, whate\er it may be, rocky 
or metallic, at depths of from 60 to 100 kilometres, under the pressure actually there 
experienced by it, can be solid at temperatures of from 3000° to 4000°, then we 
may hold the former estimate (90,000,000) to be as probable as the latter 
(50,000,000), so far as evidence from underground temperature can guide us. If 
4000° would melt the earth’s substance at a depth of 100 kilometres, we must reject 
the former estimate though we might still admit the latter,* if 3000° would melt 
the substance at a depth of 60 kilometres, we should bo compelled to conclude that 
50,000,000 of years is an over-estimate. Whatever maybe its age, we maybe 
quite sure the earth is solid in its interior ; not, I admit, throughout its whole 
volume, for there certainly are spaces in volcanic regions occupied by liquid lava ; 
but whatever portion of the whole mass is liquid, whether the waters of the ocean 
or melted matter in the interior, these portions are small in comparison with the 
whole; and we must utterly reject any geological hypothesis which, whether for 
explaining underground heat or ancient upheavals and subsidences of the solid 
crust, or earthquakes, or existing volcanoes, assumes the solid earth to he a shell 
of 30, or 100, or 509, or 1000 kilometres thickness, resting on an interior liquid 
mass. 

* For proof of this and following statements regarding underground heat, I refer to 
" Secular Cooling of the Earth,” Transactions of the Royal Society of Edinburgh, 1802 ; 
and Thomson and Tait’s ‘ Natural Philosophy , * Appendix D. 
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This conclusion was first arrived at by Hopkins, who may therefore properly be 
called the discoverer of the earth’s solidity. He was led to it by a consideration 
of the phenomena of precession and nutation, and gave it as shown to be highly 
probable, if not absolutely demonstrated, by his confessedly imperfect and tentative 
investigation. But a rigorous application of the perfect hydrodynamical equations 
leads still more decidedly to the same conclusion. 

I am able to say this to you now in consequence of the conversation with Pro- 
fessor Newcomb, to which I have already alluded. Admitting fully my evidence 
for the rigidity of the earth from the tides, he doubted the argument from preces- 
sion and nutation. Trying to recollect what I had written on it fourteen years 
ago in a paper on the u Rigidity of the Earth,” published in the Transactions of the 
Royal Society, my conscience smote me, and I could only stammer out that I had 
convinced myself that so-and-so and so-and-so, at which I had arrived by a non- 
mathematical short cut, were true. He hinted that viscosity might suffice to render 
precession and nutation the same as if the earth were rigid, and so vitiate the 
argument for rigidity. This I could not for a moment admit, any more than when 
it was first put forward by Delaunay. But doubt entered my mind regarding the 
so-and-so and so-and-so ; and I had not completed the night journey to Phila- 
delphia which hurried me away from our unfinished discussion before I had con- 
vinced myself that they were _ i i- \ u ■■ m.j So now I must request as a favour 
that each one of you on going home will instantly turn up his or her copies of the 
‘ Transactions of the Royal Soeietv ’ for 1802 and of Thomson and Taira ‘ Natural 
Philosophy,’ vol. i., and draw the pen through §§ 20-01 of my paper on the 
“ Rigidity of the Earth ” in the former, and through every thing in §§ 847, 848, 849 
of the latter which refers to the effect on precession and nutation of an elastic 
yielding of the earth’s surface. 

When those passages were written I knew little or uof liiiur of vortex motion ; and 
until my attention was recalled to them by Professor Newcomb I had never once 
thought of this subject in the light thrown upon it by the theory of the quasi- 
rigidity induced in a liquid by vortex motion, which has of late occupied me so 
much. With this fresh light a little consideration sufficed to show me that 
(although the old obvious conclusion is of course true, that, if the inner boundary 
of the imagined rigid shell of the earth were rigorously spherical, the interior liquid 
could experience no processional or nutational influence from the pressure on its 
bounding surface, and therefore if homogeneous could have no precession or nuta- 
tion at all, or if heterogeneous only ns much precession and nutation as would be 
produced by attraction from without in virtue of non-sphericity of its surfaces of 
equal density, and therefore the shell would have enormously more rapid precession 
and nutation than it actually has — forty times as much, for instance, if the thickness 
of the shell is 60 kilometres) a very slight deviation of the inner surface of the shell 
from perfect sphericity would suffice, in virtue of the quasi- rigidity due to vortex 
motion, to hold back the shell from taking sensibly more precession than it would 
give to the liquid, and to cause the liquid (1 ■ ■ • ■ . * or heterogeneous) and the 

shell to have sensibly the same precessiona ■ ■ . - the whole constituted one 

rigid body. But it is only because of the very long period (26,000 years) of pre- 
cession, in comparison with the period of rotation (one day), that a very slight 
deviation from sphericity would suffice to cause the whole to move as if it were a 
rigid body. A little further consideration showed me : — 

(1) That an ellipticity of inner surface equal to ^ x - — would be too small, 

but that an ellipticity of one or two hundred times this amount would not be too 
small to compel approximate equality of precession throughout liquid and shell. 

(2) That with an ellipticity of interior surface equal to .^ l )0 , if the processional 
motion were 26,000 times as great as it is, the motion of the liquid would be very 
different from that of a rigid mass rigidly connected with the shell. 

(3) That with the actual forces and the supposed interior ellipticity of the 
lumr nineteen -yearly nutation might be affected to about five per cent, of its 
amount by interior liquidity. 
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(4) Lastly, that the lunar semiannual nutation must be largely, and the lunar 
fortnightly nutation enormously affected by interior liquidity. 

But although so much could be foreseen readily enough, I found it impossible 
to discover without thorough mathematical investigation what might be the cha- 
racters and amounts of the deviations from a rigid body’s motion which the several 
cases of precession and nutation contemplated would present. The in\ ostigniion, 
limited to the case of a homogeneous liquid enclosed in an ellipsoidal shell, has 
brought out results which I confess have greatly surprised me. When the interior 
ellipticity of the shell is just too small, or the periodic speed of the disturbance j ust 
too great to allow the motion of the whole to be sensibly that of a rigid body, the 
deviation first sensible renders the precessional or nutational motion of the shell 
smaller than if the whole were rigid, instead of greater, as I expected. The amount 
of this difference bears the same proportion to the actual precession or nutation as 
the fraction measuring the periodic speed of the disturbance (in terms of the period 
of rotation as unity) bears to the fraction measuring the interior ellipticity of the 
shell ; and it is remarkable that this result is independent of the thickness of the 
shell, assumed, however, to be small in proportion to the earth’s radius. Thus in 
the case of precession the effect of interior liquidity would be to diminish the periodic 
speed of the precession in the proportion stated ; in other words, it would add to 
tne precessional period a number of days equal to the multiple of the rotational 
period equal to the number whose reciprocal measures the ellipticity. Thus, in the 
actual case of the earth, if we still take ~ as the ellipticity of the inner boundary 
of the supposed rigid shell, the effect would be to augment by 300 days the pre- 
cessional period of 2000 years, or to diminish by about the annual precession 

of about 51", an effect which I need not say would be wholly insensible. But on 
the lunar nutation of 18*0 years period, the effect of interior liquidity would be 
quite sensible; 18*0 years being twenty -three times 300 days, the effect would be 
to diminish the axes of the ellipse which the earth’s pole describes in this period 

each by ^ of its own amount. The semiaxes of this ellipse, calculated on the 
theory of perfect rigidity from the very accurately known amount of precession, 
and the fairly accurate Knowledge which we lia\e of the ratio of the lunar to the 
solar part of the precessional motion, are 9"*22 and 0"*80, with an uncertainty not 
amounting to one half per cent, on account of want of perfect accuracy in the latter 

part of data. If the true values were less each by ^ of its own amount, the dis- 
crepance might have escaped detection, or might not have escaped detection ; hut 
certainly could be found if looked for. So far nothing can be considered as abso- 
lutely proved with reference to the interior solidity of the earth from precession 
and nutation ; but now think of the solar semiannual and the lunar fortnightly 
nutations. The period of each of these is less than 300 da} s. Now the hydro- 
dynamical theory shows that, irrespectively of the thickness of the shell, the nuta- 
tion of the crust would he zero if the period of the nutational disturbance were 
300 times the period of rotation (the ellipticity being .^) ; if the nutational period 
were any thing between this and a certain smaller critical value depending on the 
thickness of the crust, the nutation would be negative ; if the period were equal to 
this second critical value, the nutation would be infinite ; ana if the period were 
still less, the nutation would be again positive. Further, the 183 days period of 
the solar nutation falls so little short of the critical 300 days that the amount 
of the nutation is not sensibly influenced by the thickness of the crust, is negative 

and equal in absolute value to (being the reciprocal of ^-1) times what 
the amount would be were the earth solid throughout. Now this amount, as 
calculated in the 4 Nautical Almanac,’ makes 0"'55 and 0"*51 the semiaxes of the 
ellipse traced by the earth’s axis round its mean position ; and if the true nutation 
placed the earth’s axis on the opposite side of an ellipse having 0"-8(3 and 0"*81 for 
its semiaxes, the discrepance could not possibly have escaped detection. But, lastly, 

think of the lunar fortnightly nutation. Its period is ^ of 300 days, and its 
amount, calculated in the i Nautical Almanac’ on the theory of complote solidity, is 
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such that the greater semiaxis of the approximately circular ellipse described by the 
pole is 0"*0325. Were the crust infinitely thin this nutation would be negative, but 
its amount nineteen times that corresponding to solidity. This would make the 
greater semiaxis of the approximately circular ellipse described by the pole amount 
to 19x0''*0885, which is 1 "*7. It would be negative and of some amount between 
1"‘7 and infinity, if the thickness of the crust were anything from zero to 120 kilo- 
metres. This conclusion is absolutely decisive against the geological hypothesis of 
a thin rigid shell full of liquid. 

But interesting in a dynamical point of view as Hopkins’s problem is, it can- 
not afford a decisive argument against the earth’s interior liquidity. It assumes 
the crust to be perfectly stiff and unyielding in its figure. This, of course, it cannot 
be, because no material is infinitely rigid ; but, composed of rock and possibly of 
continuous metal in the great depths, may the crust not, as a whole, be stiff enough 
to practically fulfil the condition of unyieldingness ? No, decidedly it could not : 
on the contrary, were it of continuous steel and 500 kilometres thick, it would 
yield very nearly as much as if it were india-rubber to the deforming influences of 
centrifugal force and of the sun’s and moon’s attractions. Now although the full 
problem of precession and nutation, and, what is now necessarily included in it, 
tides, in a continuous revolving liquid spheroid, whether homogeneous or hetero- 
geneous, has not yet been coherently worked out, I think I see far enough towards 
a complete solution to say that precession and nutations will be practically the 
same in it as in a solid globe, and that the tides will be practically the same as 
those of the equilibrium theory. From this it follows that precession and nuta- 
tions of the solid crust, with the practically perfect flexibility which it would have 
even though it were 100 kilometres thick and as stiff as steel, would bo sensibly 
the same as if the wholo earth from surface to centre were solid and perfectly stiff, 
Hence precession and nutations yield nothing to be said against such hypotheses 
as that of Ihirwin*, that the earth as a whole takes approximately the figure due to 
gravity and centrifugal force, because of the fluidity of the interior and the flexi- 
bility of the crust. But, alas for this “ attractive sensational idea that a molten 
interior to the globe underlies a superficial crust, its surface agitated by tidal 
waves, and flowing freely towards any issue that may here and there be opened for 
its outward escape ” (as Poulett Scrope called it) ! the solid crust would yield so 
freely to the deforming influence of sun and moon that it would simply carry the 
waters of the ocean up and down with it, and there would be no sensible tidal 
rise and fall of water relatively to land. 

The state of the case is shortly this : — The hypothesis of a perfectly rigid crust 
containing liquid violates physics by assuming preternaturally rigid matter, and 
violates dynamical astronomy in the solar semiannual and lunar fortnightly nuta- 
tions ; but tidal theory lias nothing to say against it. On the other hand, the tides 
decide against any crust flexible enough to perform the nutations correctly with 
a liquid interior, or as flexible as the crust must be unless of preternaturally rigid 
matter. 

But now thrice to slay the slain : suppose the earth this moment to be a thin 
crust of rock or metal resting on liquid matter ; its equilibrium would be unstable ! 
And what of the upheavals and subsidences P They would be strikingly analogous 
to those of a ship which has been rammed — one portion of crust up and another 
down, and then all down. I may say, with almost perfect certainty, that whatever 
may he the relative densities of rock, solid and melted, at or about the temperature 
of liquefaction, it is, I think, quite certain that cold solid rock is denser than hot 
melted rock ; and no possible degree of rigidity in the crust could prevent it from 
breaking in pieces and sinking wholly below the liquid lava. Something like this 
may have gone on, and probably did go on, for thousands of years after solidifica- 
tion commenced — surface-portions ol the melted material losing heat, freeziug, 
sinking immediately, or growing to thicknesses of a few metres, when the surface 
would be cool and the whole solid dense enough to sink. “ This process must go 

* “ Observations on the Parallel Roads of Glen Roy and other parts of Lochaber m 
Scotland, with an attempt to prove that they are of marine origin,” Transactions of the 
Royal Society for Feb. 1839, p. 81. 
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on until the sunk portions of crust build up from the bottom a sufficiently close- 
ribbed skeleton or frame to allow fresh incrustations to remain, bridging across 
the now small areas of lava pools or lakes. 

< “ In the honeycombed solid and liquid mass thus formed there must be a con- 
tinual tendency for the liquid, in consequence of its less specific gravity, to work 
its way up j whether by masses of solid tailing from the roofs of vesicles or tunnels 
and causing earthquake-shocks, or by the roof breaking quite through when very 
thin, so as to cause two such hollows to unite or the liquid of any of them to flow 
out freely over the outer surface of the earth, or by gradual subsidence of the solid 
owing to the thermodynamic melting which portions of it under intense stress 
must experience, according to my brothers theory. The results which must follow 
from this tendency seem sufficiently great and various to account for all that we 
learn from geological evidence of earthquakes, of upheavals and subsidences of 
solid, and of eruptions of melted rock.”* 

Leaving altogether now the hypothesis of a hollow shell filled with liquid, we 
must still face the question, how much does the earth, solid throughout, except 
small cavities or vesicles filled with liquid, yield to the deforming (or tide-gene- 
rating) influences of sun and moon P This question can only be answered by obser- 
vation. A .-'mule infinit»i\ accurate spirit-level or plummet far enough away from 
the sea to be m>t -on-ibl\ affected by the attraction of the rising and falling water 
would enable us to find the answer. Observe by level or plummet the changes of 
direction of apparent gra\ ity relatively to an object rigidly connected with the 
earth, and compare these changes with hat they would be were the earth perfectly 
rigid, according to the known masses and distances of sun and moon. The dis- 
crepance, if any is found, would show distortion of the earth, and would afford data 
for determining the dimensions of the elliptic spheroid into which a non-rotating 
globular mass of the same dimensions and elasticity as the earth would be distorted 
by centrifugal force if set in rotation, or by tide-generating influences of sun or 
moon. The effect on the plumb-line of the lunar tide-generating influence is to 
deflect it towards or from the point of the horizon nearest to the moon, according 
as the moon is abo\e or below the horizon. The effect is zero when the moon is 
on the horizon or overhead, and is greatest in either direction when the moon is 
45° above or below the horizon. AVhen this greatest value is reached, the plummet 
is drawn from its mean position through a space equal to of the length of 

the thread. No ordinary plummet or spirit-lex el could give any perceptible indication 
whatever of this effect ; and to measure its amount it would be necessary to be able 

to observe angles as small as of the radian, or about Siemens's 

beautiful hydrostatical multiplying level may probably supply the means for doing 
this. Otherwise at present no apparatus exists within small* compass by which it 
could be done. A submerged water-pipe of considerable length, sav 1:1 kilometres, 
with its two ends turned up and open, might answer. Suppose, for example, the 
tube to lie north and south, and its two ends to open into two small cisterns, one 
of them, the southern for example, of half a decimetre diameter ( to escape disturb- 
ance from capillary attraction), and the other of two or three decimetres diameter 
(so as to throw nearly the whole rise and fall into the smaller cistern). For sim- 
plicity, suppose the time of observation to be when the moon’s declination is zero. 
The water in the smaller or southern cistern will rise from its lowest position to 
its highest position while the moon is rising to maximum altitude, and fall again 
after the moon crosses the meridian till she sets: and it will rise and fall again 
through the same range from moonset to inoonrise. If the earth were perfectly 
rigid, and if the locality is in latitude Jo , the rise and fall would be half a milli- 
metre on each side of the mean lex el, or a little short of half a millimetre if the 
place is within 10 J north or south of latitude 40°. If the air were so absolutely 
quiescent during the observations ns to give no varying differential pressure on 
the two water-surfaces to the amount of ( £ w millimetre of water or u \ )5 of mer- 
cury, the observation would be satisfactorily practicable, as it would not be difficult 

* “Secular Cooling of the Earth,” Transactions of the Royal Society of Edinburgh 
1802 (W. Thomson), and Thomson and Tait’s ‘ Natural Philosophy,’ §§(«?), (//). ' 
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by aid of a microscope to observe the rise and fall of the water in the smaller cistern 
to of a millimetre ; but no such quiescence of the atmosphere could be expected 
at any time ; and it is probable that the variations of the water-level due to difference 
of the barometric pressure at the two 1 ends would, in all ordinary weather, quite 
overpower the small effect of the lunar tide-generating motive. If, however, the 
two cisterns, instead of being open to the atmosphere, were connected air-tightly 
by a return-pipe with no water in it, it is probable that the observation might be 
successfully made : but Siemens’s level or some other apparatus on a similarly small 
scale would probably be preferable to any elaborate metnod of obtaining the result 
by aid of very long pipes laid in the ground ; and I have only called your attention 
to such an ideal method as leading up to the natural phenomenon of tides. 

Tides in an open canal or lake of 12 kilometres length would be of just the 
amount which we have estimated for the cisterns connected by submerged pipe ; 
but would be enormously more disturbed by wind and variations of atmospheric 
pressure. A canal or lake of 240 kilometres length in a proper direction ana in a 
suitable locality would give but 10 millimetres rise and fall at each end, an effect 
which might probably be analyzed out of the much greater disturbance produced 
by wind and differences of barometric pressure ; but no open liquid level short 
of the tngens ceauor , the ocean, will probably be found so well adapted as it 
for measuring the absolute value of the disturbance produced on terrestrial 
gravity by the lunar and solar tide-generating motive. But observations of the 
diurnal and semidiurnal tides in the ocean do not (as they would on smaller 
and quicker levels) suffice for this purpose, because their amounts differ enor- 
mously from the equilibrium-values on account of the smallness of their periods 
in comparison with the periods of any of the grave enough modes of free 
%ibration of the ocean as a whole. On the other hand, the lunar fort- 
nightly declinational and the lunar monthly elliptic and the solar semiannual 
and annual elliptic tides have their periods so long that their amounts 
must certainly be very approximately equal to the equilibrium-values. But there 
are large annual and semiannual changes of sea-level, probably both differential 
(on account of wind and differences of barometric pressure and differences of 
temperature of the water) and absolute, depending on rainfall and the melting 
away of snow and return evaporation, which. altogether swamp the small semi- 
annual and annual tides due to the sun’s attraction. Happily, however, for our 
object there is no meteorological or other disturbing cause which produces periodic 
changes of sea-level in either the fortnightly declinational or the monthly elliptic 
period ; and the lunar gravitational tides in these periods are therefore to be care- 
fully investigated in order that we may obtain the answer to the interesting ques- 
tion, how much does the earth as an elastic spheroid yield to the tide-generating 
influence of sun or moon? Hitherto in the British- Association Committee’s 
reductions of Tidal Observations wo have not succeeded in obtaining any trust- 
worthy indications of either of these tides. The St. -George’s pier landing-stage 
pontoon, unhappily chosen for the Liverpool tide-gauge, cannot be trusted for such 
a delicate investigation : the available funds for calculation wero expended before 
the long-period tides for Ililbre Island could be attacked, and three years of Ivur- 
rachee gave our only approach to a result. Comparisons of this with an indication 
of a result of calculations on West Hartlepool tides, conducted with the assist- 
ance of a grant from the Royal Society, seem to show possibly no sensible yield- 
ing, or perhaps more probably some degree of yielding, of the earth’s figure. . The 
absence from all the results of any indication of a 18-G yearly tide fnr< ■■dimr to 
the same law as the other long-period tides) is not easily explained without 
assuming or admitting a considerable degree of yielding. 

Closely connected with the question of the earth’s rigidity, and of as great scien- 
tific interest and of even greater practical moment, is the question, IIow nearly 
accurate is the earth as a timekeeper? and another of, at all events, equal scientific 
interest, IIow about the permanence of the earth’s axis of rotation ? 

Peters and Maxwell, aoout 35 and 25 years ago, separately raised the question, 
IIow much does the earth’s axis of rotation deviate from being a principal axis of 
inertia? and pointed out that an answer to this question is to be obtained by 
looking for a variation in latitude of any or every place on the earth’s surface in a 

1876 . * ^ 
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period of 806 days. The model before you illustrates the travelling round of the 
instantaneous axis relatively to the earth in an approximately circular cone whose 
axis is the principal axis of" inertia, and relatively to space in a cone round a fixed 
axis. In the model the former of these cones, fixed relatively io the earth, rolls 
internally on the latter, supposed to be fixed in space. Peters gave a minute investiga- 
tion of observations at Pulkova in the years 1841-42, which seem to indicate at that 
time a deviation amounting to about of the axis of rotation from the principal 
axis. Maxwell, from Greenwich observations of the years 1851-54, found seeming 
indications of a very slight deviation, something less than half a second, but difler- 
ing altogether in phase from that which the deviation indicated by Peters, if real 
and permanent, would have produced at Maxwell’s later time. On my begging 
Professor Newcomb to take up the subject, he kindly did so at once, and undertook 
to analyze a series of observations suitable for the purpose which had been made in 
the United-States Naval Observatory, Washington. A few weeks later I received 
from him a letter referring me to a paper by fir. Nysen, of Pulkova Observatory, 
in which a similar negative conclusion as to constancy of magnitude or direction 
in the deviation sought for is arrived at from several series of the Pulkova obser- 
vations between the years 1842 and 1872, and containing the’ following statement 
of his conclusions : — 

u The investigation of the ten-month period of latitude from the Washington 
prime vertical observations from 1862 to 1867 is completed, indicating a coefficient 
too small to be measured with certainty. The declinations with this instrument 
are subject to an annual period which made it necessary to discuss those of each 
month separately. As the series extended through a full five years, each month 
thus fell on five nearly equidistant points of the period. If x and y represent the 
coordinates of the axis of instantaneous rotation on June 80, 1864, then the obser- 
vations of the separate months give the following values of x and y : — 


January ... 

.r. 

-035 

Weight. 

10 

y- 

+0-32 

February 

-003 

14 

+0-09 

March 

. ... +017 

10 

+016 

April 

May 

+044 

5 

+005 

+008 

10 

+002 

June 

-0 01 

14 

-001 

July 

-005 

14 

000 

August . . 

-024 

14 

+020 

September 

4-018 

14 

+0-21 

October ... 

+013 

14 

-0 01 

November 

+008 

17 

-0-20 

December 

-008 

16 

-008 

Mean... 

.001+003 


+005+003 


a Accepting these results as real, they would indicate a radius of rotation of the 
instantaneous axis amounting, at the earth’s surface, to 5 feet and a longitude of 
the point in which this axis intersects the earth’s surface near the North Pole, such 
that on July 11, 1864, it was 180° from Washington, or 108° east of Greenwich. 
The excess of the coefficient over its probable error is so slight that this result 
cannot be accepted as any thing more than a consequence of the unavoidable 
errors of observation.” 

From the discordant character of these results we must not, however, infer that 
the deviations indicated by Peters, Maxwell, and Newcomb are unreal. On the 
contrary, any that fall within the limits of probable error of the observations ought 
properly to be regarded as real. There is, in fact, a vera causa in the temporary 
changes of sea-level due to meteorological causes, chiefly winds, and to meltings of 
ice in the polar regions and return evaporations, which seems amply sufficient to 
account for irregular deviations of from to -fa" of the earth’s instantaneous axis 
from the axis of maximum inertia, or, as I ought rather to say, of the axis of 
maximum inertia from the instantaneous axis. 

As for geological upheavals and subsidences, if on a very large scale of area, 
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they must produce, on the period and axis of the earth’s rotation, effects comparable 
with those produced by changes of sea-level equal to them in vertical amount. 
For simplicity, calculating as if the earth were of equal density throughout, I find 
that an upheaval of all the earth’s surface in north latitude ana east longitude and 
south latitude and west longitude with equal depression in the other two quarters, 
amounting at greatest to ten centimetres, and graduating regularly from the points 
of maximum elevation to the points of maximum depression in the middles of the 
four quarters, would shift the earth’s axis of maximum moment of inertia through 
1" on the north side towards the meridian of 90° W. longitude, and on the south 
side towards the meridian of 90° E. longitude. If such a change were to take 
place suddenly, the earth’s instantaneous axis would experience a sudden shifting of 
but (which we may neglect), and then, relatively to the earth, would com- 
mence travelling, in a period of 306 days, round the fresh axis of maximum moment 
of inertia. The sea would be set into vibration, one ocean lip and another down 
through a few centimetres, like water in a bath set aswing. The period of these 
vibrations would be from 12 to 24 hours, or at most a day or two ; their subsidence 
would probably be so rapid that after at most n few months they would become 
insensible. Then a regular 306-days period tide of 11 centimetres from lowest 
to highest would be to bo observed, with gradually diminishing amount from 
century to century, as through the dissipation of energy produced by this tide 
the instantaneous axis of the earth is gradually brought into coincidence with 
the fresh axis of maximum moment of inertia. If we multiply these figures by 
3600, we find what would be the result of a similar sudden upheaval and sub- 
sidence of the earth to the extent of 300 metres abo\e and below previous levels. 
It is not impossible that in the very early ages of geological history such an 
action as this, and the consequent 400-mctres tide producing a succession of deluges 
every 306 days for many years, may have taken place ; but it seems more pro- 
bable that even in the most ancient times of geological history the great world- 
wide changes, such as the upheavals of the continents and subsidences of the ocean- 
beds from the general level of their supposed molten origin, took place gradually 
through, the thermodynamic melting of solids and the squeezing out of liquid 
lava from the interior, to which I have already referred. A slow distortion of 
the earth as a whole would never produce any great angular separation between 
the instantaneous axis and axis of maximum moment of inertia for the time being. 
Considering, then, the great facts of the Himalayas and Andes, and Africa and the 
depths of the Atlantic, and America and the depths of the Pacific, and Australia, 
and considering further the ellipticity of the equatorial section of the sea-level esti- 
mated by Capt. Clarke at about 1 V of the mean ellipticity of meridional sections 
of the sea-level, we need no brush from the comet’s tail (a wholly chimerical cause 
which can never have been put forward seriously except in ignorance of elementary 
dynamical principles) to account for a change in the earth’s axis ; we need no violent 
convulsion producing a sudden distortion on a great scale, with change of the axis 
of maximum moment of inertia followed by gigantic deluges ; and we may not 
merely admit, but assert as highly probable, that the axis of maximum inertia and 
axis of rotation, always very near ono another, may have been in ancient times 
very far from their present geographical position, and may have gradually shifted 
through 10, 20, 30, 40, or more degrees without-at any time any perceptible sudden 
disturbance of either laud or water. 

Lastly, as to variations in the earth s rotational period. You nil no doubt know 
how, in 1853, Adams discovered a correction to be needed in the theoretical calcu- 
lation with which Laplace followed up his brilliant discovery of the dynamical 
explanation of on apparent acceleration of the moon’s mean motion snown by 
records of ancient eclipses, and how he found that when his correction was 
applied the dynamical theory of the moon’s motion accounted for only about half 
of tho observed apparent acceleration, and how Delaunay in 1806 verified Adams’s 
result and suggested that the explanation may be a retardation of the earth’s rota- 
tion by tidal friction. The conclusion is that, since the 19th of March, 721 b.c., a 
day on which an eclipse of the moon was seen in Babylon, commencing “ when one 

hour after her rising was fully passed/’ the earth has lost rather more than 

2 * 
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of her rotational Telocity, or, as a timekeeper, is going slower by 11£ seconds per 
annum now than then. According to this rate of retardation, if uniform, pie 
earth at the end of a century would, as a timekeeper, be found. 22 seconds behind 
a perfect clock, rated and set to agree with her at the beginning of the century. 
Newcomb’s subsequent investigations in the lunar theory have on the whole tended 
to confirm this result ; but they have also brought to light some remarkable ap- 
parent irregularities in the moon’s motion, which, if real, refuse to be accounted 
ior by the gravitational theory without the influence of some unseen body or bodies 
passing near enough to the moon to influence her mean motion, . This hypothesis 
Newcomb considers not so probable os that the apparent irregularities of the moon 
are not real, and are to be accounted for by irregularities in the earth’s rotational 
velocity. If this is the true explanation, i t seems that the earth was going slow 
from i860 to 1862, so much as to have got behind by seven seconds in these twelve 
years, and then to have begun going faster a^ain so as to gain eight seconds from 
1862 to 1872. So great an irregularity as this would require somewhat greater 
changes of sea-level, but not many times greater than the British Association 
Committee’s reductions of tidal observations for several places in different parts of 
the world allow us to admit to have possibly taken place. The assumption of a 
fluid interior, which 'Newcomb suggests, and the flow of a large mass of the fluid 
“ from equatorial regions to a position nearer the axis,” is not, from what I have 
said to you, admissible as a probable explanation of the remarkable acceleration of 
rotational velocity which seem9 to have taken place about 1802 ; but happily it is 
not necessary. A settlement of 14 centimetres in the equatorial regions, with cor- 
responding rise of 28 centimetres at the poles (which is so slight as to be absolutely 
unaiscoverable in astronomical observatories, and which would involve no change 
of sea-level absolutely disproved by reductions of tidal observations hitherto made), 
would suffice. Such settlements must occur from time to time ; and a settlement 
of the amount suggested might result from the diminution of centrifugal force due 
to 160 or 200 centuries’ tidal retardation of the earth’s rotational speed. 


Mathematics. 

aS inr Us Mouvements aperiodiques des Systhnes de Points M'ttcrUls, 

By M. Valentino Cerrtjti. 

A short communication referring to a system of points subject to their mutual 
action and to that of fixed exterior points. 


Sur Jes Systemes de Spheres et Us Systemes de Jhoiles . 

By Professor Luigi Cremona. 

Cette communication avait pour objet d’exposer uno mdtliode pour transformer 
les congrtiences (syst&mes doublemeut infinis) de droites, contenues dans un com- 
plexe lin^aire donn6, de maniere qu’a chaque droite de la congruence corresponde 
un point d’une surface, et vice-versa. La m^tliode resulte de la combinaison 
des transformations de l’espace a trois dimensions, exposes par Tauteiir dans 
les ‘ Annali di Matematica* (slrie 2 e , tome 6 e ), avec la transformation, donneo par 
MM. Noether et Lie, d’un complexe limlaire on l’espace ordinaire (point-espace). 
Suivant cette transformation, les plans de l’espace correspondent aux congruences 
lin&iires du complexe donne qui contiennent line droite fixe; et aux autres congru- 
ences lint'aires du raeme complexe correspondent les spheres de l’espace ordinaire. 
La mStliode exposde dans la communication donne toutes los transformations d’un 
complexe lin^aire en l’espace ordinaire, telles qu’aux congruences linenires con- 
tenant une droite fixe correspondent des surfaces dun ordre donn& En particular, 
on obtient toutes les congruences (non-lin&iires, contenues dans le comnlexe donnd) 
nui Bont susceptibles d’etre repr^sent^es sur un plan ? de maniere que cliaquo droite 
de la congruence ait pour image un point d6termin6 du plan et que, vice-versa, 
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chaque point du plan corresponde a une droite unique de la congruence. Si Ton 
transforme le plan par les polaires reciproques de Poncelet, les images des droites 
de la congruence seront les droites du plan repr^sentatif. 


On Graphical Interpolation and Integration. 

By George H. Darwin, M.A., Fellow of Trin . Coll., Cambridge . 

Suppose a number of points A, B, C, &c. are given on equidistant ordinates of a 
curve, and that it is desired to draw a curve through them. This may be best 
done by interpolating intermediate points. Let a, b, c , &c. be ordinates halfway 
between A and B, B and C, &c. Join AB, BC, &c. along the whole curve, and let 
the ordinates a , b, c, See. intersect AB, BC, CD, &c. in /, g y h , See. Join AC, BD, 
CE, &c., and so on along the whole curve, and let the ordinates B, C, D, &c. inter- 
sect AC, BD, CE, &c. m F, G, II, &c. Then the rule for interpolating on the 
ordinates a, b , c, &c. is: — produce af to l , and make// = J BF ; produce bg to m y 
and make gm = J CG, and so on. In carrying this out practically, several of the 
above lines need not actually bo drawn. 

This rule may be proved from the properties of the circle of curvature, which 
passes through three consecutive points, such as A, B, C. It gives results correct 
as far as second differences. A slightly different result will be obtained by working 
along the curve in the opposite direction : to obtain a better result work both ways 
along the curve, and choose the points which lie halfway between* the discrepant 
readings. The result so given is correct as far as third differences. 

In determining the approximate value of a definite integral it is often convenient 
to find a geometrical construction for giving a line proportional to the function to 
be integral od. and then to determine half a dozen values of the function. But the 
question then arises as to how these terms are to be combined, so as to give the 
required integral— whether by the rules given by the calculus of finite differences, 
or by the simpler rule of taking the mean of the extremes and adding it together 
with all the rest, and multiplying by the common difference. Each ordinate or 
term is affected by an error, and it may be that the theoretically best rule may give 
a higher probable error to the result than the more imperfect rule. If, for example, 
we have seven ordinates, each subject to a probable error c y Weddle’s rule (see 
Boole’s Calc. Fin. Diff.) would give a result subject to a probable error 2*846 he , 
whilst the worse rule only gives a probable error 2*345 he, where h is the common 
difference. It must therefore remain indeterminate whether more is gained by a 
diminished probable error or by a better rule of quadratures. The question could 
only be determined by some knowledge of the amount of probable error of each 
ordinate, and of the abruptness of the curvature of the curve*. 


On certain Determinants. By J. W. L. Glaibiier, M.A . , F.R.S. 

The author gave the following results : — 

I. If P„ denote the number of partitions of n into the elements 1, 2, 3, 4, . . . ., 
repetitions not excluded, then 


+1, 

-1, 

• , 

• , 

• . 

• , 

• , 


4-1, 

4-1, 

-1, 

e , 

• , 

• , 

• , 

• 

• , 

4- 1, 

4-1, 

-1, 

• , 

• , 

• » 

• , 

• , 

« . 

+i. 

.4-1, 

-1, 

• , 

• > 

• , 

-1, 

• , 

• , 

4-1, 

4-1, 

-1, 

• » 

• , •• •• 

• . 

-1, 

• , 

• , 

4-1, 

4-1, 

-1, 

• , .... 

-1, 

• , 

-1, 

• . 

• t 

4-1, 

4-1, 

-1 

• . 

-1, 

• , 

-1, 

• , 

• • • • 

• f 

4-1, 

4-1 


where the first column is 

* The paper is printed in e&icmo in tlio * Messenger of Mathematics/ Yol. vi. (January 
1877). 
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4 1, + 1, o, 0, - 1, 0, - 1, 0, 0, 0, 0, 4 1, o, 0, -f* 1, o, 0, 0, 0, 0, 0, - 1, 0, 0, 0, 
- 1, 0, 0, 0, 0, 0, 0, 0, 0, 4 1, ... . 

•viz. between two unities of the same sign the numbers of zeros follow the law 
0, 1, 2, 3, 4 .... , while the numbers of zeros between two unities of opposite sign 
follow the law 2, 4, 6, 8 .... ; the second column is the same as the first column, 
but lowered one line, and with — 1 as the top constituent ; the third column is the 
same as the second line, but lowered one line, and with zero as the top constituent ; 
the fourth column is the same as the third column, but lowered one line, and with 
zero as the top constituent ; and so on. 

For example : — 


^3"H"bl» -1. • 

41,4b - 1 
, +1. 41 


1=3 


which is right, since 8=14141=1+2. 

II. If +(w) be the sum of the divisors of n , then 

400 * 


41, 

-1, 

• 

• , 

• , 

• , 

• » • 

42, 

4l» 

-1, 

• . 

• , 

• , 

• * . 

• , 

41, 

41, 

-1, 

• , 

• . 

• , • 

• , 

• , 

41, 

41, 

-1, 

• ( 

• . . 

-5, 

• 

• 

+1. 

4l, 

-1, 

• , . 

• 

-1, 


• f 

4 1, 

4l» 

-1, . 

-7, 

• . 

-1, 

* , 

• , 

+ 1, 

41, * 


(n rows) 


where all the constituents remain as before, except those in the first column, in 
which the rth constituent appears multiplied by r. Thus the non-zero constituents 
in the first column are the pentagonal numbers, of the form |w(3/*41). 

For example : — 


4(3)= 


41, -1, 

42 , 4 1 , 
• , 41, 


-1 

41 


=4 


which is right, since ^(3) = 14-3=4. 
III. Consider the determinant 

V* 


2, 

3, 

4, 

5, 

6, .. 

1, 

• , 

0 

• 

3, .. 

• , 

1, 

• , 

• 

2, .. 

• . 

• . 

1 , 

• , 

• , •• 

• 

• , 

• , 

1 , 

• , , 

• , 

• , 

• , 

• . 

1 , .. 


. . . n i («— 1 rows) 


wherein the top line contains the natural numbers beginning with 2 and ending 
with n ; the second line is obtained by dividing the constituents of the top line by 
2, and entering the quotient or zero according as each constituent is or is not divi- 
sible by 2 ; the third line is obtained by dividing the constituents of the top line bv 3, 
and entering the quotient or zero according as each constituent is or is not divisible 
by 3 ; and so on. 

Then V=0if n is divisible by any square factor, and V = (— ) W+N n if n is a simple 
product of prime factors ; viz. aj3y . . . . £, where a, Q, ,y .... £ are different primes, 
and N denotes the number of prime divisors of w, unity included. 

For example : — 

2, 3, 4, 5, A I =(—)«+*« 

1, 2, 3 

• , 1 , • , • , 2 : 

• , • , 1 , • , • | 

• , • , • , 1 , • 


which is easily .verified, 
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On a Series Summation leading to an Expression for the Theta function as a 
Definite Integral . By J. W. L. Giaisher, M.A.. F.R.S. 


Definite Integral . By J. W. L. Giaisher, M.A., F.R.S. 

By means of the formula giving the resolution of l*f # n into its linear factors, 
and of the equation 

sin (a— a?) sin (a-fg) _ f , x 2 1 f_ x 2 1 f .. .r 3 j 

sin 3 a ~ t j t (a— 7r) 2 J \ {a+irf J 


sin (a— a?) sin (a -fg) _ ( , x 2 ) f x 2 1 f .. .r 3 j 

sin 3 a ~ t a 2 J j (a— 7r) 2 J \ («-b?r) 2 J 

it can be shown that 

{ 1+ ^} { 1+ (^r} {*ViW { 1+ (^2^} { 1+ («T26)i:}‘ 

— n / ira\ 2n 

as 2 /cosec yj P t P 3 P 5 . , . . P„«i if n bo even, 

and =2 ^cosec y^ ^co9h —cos P 3 P 5 . . . . P«~ 2 if wbe uneven, 

where 

P r = {cosh (v : ^g)-c 0 af («-xco 8 g) } 

„ r , /27rr . rw\ 27 t/ r7r\ 1 

X {cosh ( sin — ] — cos — [a-f £ cos — I L; 

[ V b 2nJ b \ 2 n' J 

and cosh .v, sinh x are written as usual for the hyperbolic cosine and sine of ,r, viz. 

cosh x ==J(c*^ +«“*), sinh x-$(e r —e~ x ). 

Taking tho logarithm and differentiating, we have 

O 2,-1 f 1 . 1 _ , 1 , 1 

l x in +a iH + x* n +(a-bf' + x^+i.a+bf 1 + 

1 1 

A>+(«+26f‘ + &C 7’ 

-f { ^i + Q»+Q 3 • • • • +Q„_, | if » be even, 


2n 

and =■“ 
b 


sinh -- 

~°irv 2tui + Qi + Qj • • • • +Q»*-2 > if n be uneven ; 

cosl. IT- cos T- J 


. /V 

sinh 

i2nx . 

rn\ 

rir . 

2rr( r 

S111-- 

1 ----- Sill 1 

—cos T -sin 

a— jrcos 

2n 

\ b 

2nJ 

2)i 

6 \ 2 


cosh 

I2ttx . 

rn\ 

2n( 

m\ 


tv "“si 

|-C°Sy(« 

- xcos &) 


Using the integral, 

/*CD 

2n l ‘ 


. >'tt . . /2nx . ri t\ , rjr . 2tt ( rn\ 

mll 2« S,nh \ ~b~ Sln 2n) 008 2» 8111 ?V +X,M S) 

, i2ttx . r?r\ 2n( , rir\ 
cosh (— sin^j-cos T ^+xcos^j 

gral, 

1 „2>> 4- r 2 ” WC J 

Jo * + ’ 



16 

wo have 


report — 1876. 


= 2 J* |q,+ Q 3 + Qs- . . . +Q»-i }sin(cV)*f, if n be even, 


4 


einh 


2irx 


T 2rri’ — a Sb+Qi+Q.*— + Q-« 

cosh -7 COS — T 

b b 


sin (e H x n )dx f if n bo 
uneven. 


The exponents on the left-hand side are always to be numerically negative, viz. 
they should be written - V{* 2w « 2w }> &c - The quantity c is redun- 

dant, and may be put equal to unity without loss of generality. 

Putting n= 2 and c = I, we find that 


c 

where 

Now 


f {/ (y. 7) +/ (” -?) } sin * V>r > 

Jo 

i ( \ — si ph sin ( p s/2+ 2q) 

J \P) 9) — cosh 4/2— cos 2<?)* 

| _ w* Q 

-j. 4^— (x-«) 2 "b e-(-*+«) 2 -f- &c.= I 1 -f* 2a a cos ~ 

a [ a 

+2c - “ r cos 4 i- 1 + &c. | ; 

whence, the notation being that of the ‘Fundainenta Nova,’ it can be shown that 

e (-?) = v\/ © • f o { f[t> x + w +/(*, - *- w } si vr^> 

ml therefore 

©(*)= Vo-i — it) sin t 2 dt, 


where 


Also it can be shown that 


a =©«=2g(*+ K )- 


where 


©0) = V't t) i ~ u) j cos t 2 di, 

d>(» ^- fcjphpy^-sin (pt/'2+ 2g) 

^ cosh/;^^— cos 2y)* 


On Parallel Motion . By W. Hayden. 

In this paper the author noticed several cases of approximate three- bar parallel 
motion, founded upon certain numerical coincidences. 
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On Plane Cubics of the Third Class with a Double and a Single Focus . 

By Henry M. Jeppery, M.A. 

1. Tlio classification of class-cubics is simpler than of plane order-cubics, because 
there are three real foci in each of the former, whereas two of the asymptotes of 
order-cubics may be imaginary. 

The three groups, arranged by the coincidence of the foci, have been stated in 
tho Transactions for 1875, and the third group of spherical curves there sketched. 
This group (/cp 3 = y) lias been also fully considered in the ‘Quarterly Journal of 
Mathematics’ for 1876, both for plane and spherical class-cubics, with illustrative 
diagrams. These two memoirs contain -a complete classification of circular cubics 
by interpreting Bootliian as Cartesian coordinates. 

2. In the classification of tho second group (icp 2 q=r) the two foci will be con- 
sidered fixed, while the satellite-point varies. There is a certain quartic curve, the 
locus of the satellite-point, when there is a point of inflexion in the curve \ if the 
satellite-point is within this curve, there will be three critic lines or bitangents ; if 
it be on the curve, there will be one bitangent and two others coinciding in a sta- 
tionary hing-'iit : if it fall beyond the bounding curve, only one bitangent is possible. 
The critic lines or bitangents are the common tangents of three parabola;, whose 
foci are severally the satellite-point and tho two foci of the cubic. When these 
parabola) are drawn, the bitangents are obtained graphically. 

The several cases of cubics of this group will be next considered, according to the 
position of the satellite with reference to the bounding curve while all three points 
are finite ; and subsequently, when the satellite-point and the foci are, one or more, 
at infinity ; also when the three points are collinear. 

3. The group may be thus represented : — 

K/r?4-4AV = 0, 

where 4 A“ = apV -f- bqQ -f- crR ; p, q, r are the current line coordinates, and P=uyj— 
bq cos C —cr cos B : Q, It have like values for points at infinity, as the quadrantal 
poles of the sides of ABO. 

There are usually three critic lines, whose equations are obtained by partial 
differentiation : — 

«/>P=4A 2 (l) : fyQ==2A 2 (2) : crB = - 2A 2 (3). 

Since the condition p = q = r satisfies all these equations, the critic lines must 
touch three parabola), whose foci are the vertices and whose axes are the perpen- 
diculars drawn on the sides of the triangle of reference, and, latera recta , are four 
times, twice, and six times its corresponding altitudes. 

There are three of these critic lines, one of which is always real. 

4. The Cartesian equation to the bounding curve (§ 2), or locus of the satellite- 
point, when there are stationary points in this group of class-cubics, is 

27^+%H2+^+5.r 2 )+y^ 

or 

Tho double, focus is tho origin, and the focal distance on the x axis is taken as 
unity ; a pair of asymptotes is inclined to the diameter at angles +30°. 

The envelop of the stationary tangent is a hyperbola, and of the single (one- 
with-twofold) bi tangent is a cubic of division V., whose double focus is at in- 
finity. 

5. Classification of the figures of class-cubics with double foci*. 

I. When tho satellite-point lies beyond the bounding quartic, there is one bitan- 
gent only. 

The triangle of reference formed by the foci and the satellite-point is taken to be 
equilateral. 

* Tho diagrams illustrating the critical and the companion-curves, according to these 
nine capital divisions, were exhibited at the Glasgow Meeting, and are ready for publi- 
cation. 
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Let the cubic be thus denoted : — 

pussier. 

The critical value (*= 5*1458) determines the bitangential cubic. The cubic is 
bipartite or unipartite, according as *>< 5*1468 ; equiharmonic if *=1*67 or — *17 ; 
harmonic if #c= — *15. 

There may be two real asymptotes, since there is one bitangent in this division. 

II. When the satellite-point is on the bounding sextic. 

In this case there are two critical values of the parameter, corresponding to the 
bitangential and inflexional cubics, viz. 1T09 and *08. The curve is bipartite if 
#e>1109. 

III. When the satellite is inside the quartic, and is (1) not collinear, and (2) is 
collinear with the foci. 

(1) There are three bi tangents when #t=47, *07, *00. For higher values of #c, 
the curve is bipartite ; between 47 and *07, unipartite ; then bipartite and below 
the bitangential curve unipartite. 

There may be four asymptotes. 

(2) Let the cubic be thus denoted : — 

There are two bitangents with real and imaginary contact, as is thus shown : — 
4-j-X(27c a —186c— 6 2 )-j~4X 2 6 3 c=0. 

For the inflexional genus, the discriminant gives the condition 
64^0= (27c 3 — 18ic—J a ) a , 

This may be resolved into two factors : — 

(b~c) (6-9c)\ 

The first factor resolves the cubic into a point and a circle ; the second factor indi- 
cates the cissoid : 

^+^) 3 +& 2 (9+W = 0. 

The satellite-point in this case is the apse in the quartic bounding curve. 

IV. If the satellite-point be at infinity (1) not collinear, (2) collinear, with the 
two foci. 

(1) There are two bitangential or a single inflexional, or no bitangential form, 
according as the satellite lies within, upon, or beyond the quartic curve. One 
asymptote connects the double focus with the satellite; the other three concur in 
the point (£ = |) ; the polar conic of the line at infinity degenerates into these 
points. 

(2) There may be two asymptotes, which unite in a bi tangent, for a special value 
of the parameter. 

# V. IT the double focus is at infinity, (1) not collinear, (2) collinear with the 
single focus and satellite-point. 

The cubic has in all cases a bitangent ; and for a particular value of the para- 
meter two bitangent-. coincide in a stationary tangent at a point of inflexion. Tho 
inflexional cubic in (2) is the semicubical parabola. 

VI. If the single focus is at infinity (1) not collinear, (2) collinear with tho 
double focus and satellite. 

There are two bitangential forms, but no inflexional case. The reciprocals in (2) 
are Newton’s defective hyperbolic, with diameters and double foci. 

VII. If the single focus and satejlite-point are both at infinity. 

The curve is central and parabolic, with a cusp at infinity, but cannot have a 
bitangent. Its single asymptote connects tho double focus with the satellite. All 
cubics are equiharmonie of the form 

*f+(V3£+, )(£»+,,’). 

It is thus denoted in Boothian coordinates : — 

*£+ (<*£+ f>n) = 0 . 

The reciprocal is Newton’s central species (38). 
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VIII. If the double focus and satellite-point are both at infinity. 

There is an inflexional form in all cases, as appears from the equation to the 
system : — 

Xf+W+&7)(f+^)= 0. 

The reciprocal is a cusped cubic. 

IX. It the double and single focus are both at infinity. 

The line at infinity is an acu-bi tangent in all cases, as is shown by the equation 
to the system ; — 

*£ 2 ( a £+ J ’?)+(£ 2 +>? 2 ) : = 0 ' 

0. To find the asymptotes of this group of class-cubics. 

Since the polar-point of an asymptote ( p , q , r) lies on it, and also is at an infinite 
distance, the coordinates of an asymptote must satisfy two equations : — 

<j>£~\p 2 q+ 4A 2 r = 0, (1) 

and that to the polar conic of the line at infinity 

® 

one of whose foci, as wo should anticipate, is the double focus. 

Tho four asymptotes touch a conic, whose foci are p=0, 2q-{-2)=0. Hence also 

rC2q+p)=pq (3) 

The elimination of r from (2) and (3) is a quartic equation. Hence there cannot 
be more than four asymptotes. Its discriminant is a factor of the discriminant of 
the ternary cubic (1). Two imaginary asymptotes always connect the double focus 
with the circular points at infinity. 

If the satellite (which is always on the curve) be at infinity, its connector with 
the double focus is an asymptote. The extremities of two asymptotes may coincide 
in a bi tangent. 

7. The centre or polar point of the line at infinity is on AB, the connector of the 
foci, at the distance | AB from A, the double focus. AC touches the cubic in C ; 
BC touches it where it meets the line (/9— Ky=0). 


On Spherical Class-cubics with Double Foci and Double Cyclic Arcs . 

By Henry M. Jeffery, M.A . 

1. This group may be denoted by line coordinates, as in piano 

Kj) 2 q -f- (0 V) 3 /- = 0, 

where 

(0V) 2 =2(a 2 /? 2 — 2bcqr cos A), 

and the coordinates p y q, r denote the sines of the perpendiculars from the vertices 
ABC on a tangent arc ; and generally the symbols may denote the sines of arcs. 

There are four critic values of the parameter and four bitangential values. By 
partial differentiation, for a critic value, 

2 K pq+2raVz=0‘ jy 2 +2rfiQsO : (GV) 2 +2rcIt==0, 

where V~ap—bq cos C — cr cos B ; and similar expressions denote Q, R ; the line- 
coordinates of a tangent are referred to the polar triangle as one of reference. 

These conditions for a bitangent may be thus written : — 

^P=(6V) a : 26?Q= (GV) 2 : 2c>R=~(GV) 2 . 

Those equations denote three spherical ellipses, whose foci are in the several cases 
•the points of reference A, B, C, and the corresponding points of reference of the 
polar triangle of ABC. 
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2. There is a soxtic bounding curve, the locus of the satellite-point, when there 
is a point of inflexion ; this curve is bipartite with an oval. If the satellite is 
within the oval, four critical values of the parameter yield bi tangential forms of the 
cubic ; if the satellite is on the oval, one inflexional and two bitangential cubics ; 
if the satellite is outside the oval, two bitangential cubics. Its equation, in Giider- 
rnann’s coordinates, is 

{(44H3)r+(6+.r)(6+3.r)}’=27(ft 2 4-l)(x 2 +y a ){(-t'+i) 2 +y 2 } 2 . 

If the two foci are a quadrant apart, 6=oo, and the bounding sextic becomes 
4i/ s + l=3(x+y 2 )* 

3. All cubics with double foci have double cyclic arcs. 

Let the line-equation to these cubics be written 

3Ka 2 bj)‘ 1 q-\-3cr2(a u p <i — 2bcrq cos A) =0. 

Its equivalent point-equation may be thus arranged : — 

(/3 2 -f 2/9y cos A + y 2 ) { ~12/3y 3 * 3 -f 3« a (8j8V 3 — cry 2 4- 27a 2 j3 2 + 18 cos A 
— 20a$y 2 COsC -f 3 6a/3 2 y COS B) -f 12 k[— / 3 3 y - a/3 3 COsB-|-a 4 COS A — a 3 y COS C 
— 3a/3 2 y cos C -f ( — cos B-f-2 cos A cos C)a */3 -f- (cos A —2 cos B cos C) a 2 / 3 2 

— (1+2 cos 2 C)a 2 /3y]} -fl2(6V) s V +2k (-/S 1 ? - ia? cos B 

-f-4a 2 /3 2 cos A-J-3a 2 /3yf“2a/3 J y cos C)4“(a 2 4-2a/3 cos (J -f- /3 2 ) 2 J- . 

But, if V denote the volume of the tetrahedron constituted by the centre of tlio 
sphere and the angular points of the triangle of reference, 

(GV) 2 = 2(a 2 a 2 +2&c/3y cos a) 

= («a+6/3 cosc-fcy cos 6) 2 -|-& 2 c 2 (/3 2 -f-2/3 y cos A+y 2 ). 

Hence if ;>=0 be a double focus, its quadrantal polar (r/a-f-fy3cosc— cy cos ft = 0) is 
a double cyclic arc. (See §7.) 

The proposition seems to be susceptible of simple proof and of generalization. 

4. If a spherical curve have a multiple cyclic arc, it has at least a double focus. 

L:i of reference be ■ .* .V 'which assumption does not aflect 

the j ■ - !. . ■' the proof), and ■ : : - A .* exhibit AB as a multiple cyclic 

gfg ♦ 

4 )rZ H + (x 2 ±y 2 + z*)x m = o. 

The terms may lie thus grouped : — 

(x 2 +y 2 )Xm±Z\z n ~ 2 4>r+Xv t )- 

In this form the imaginary lines (x+yi—0) are seen to meet AB in two coincident 
points I, J ; the tangents at these points are these arcs Cl, C J : their point of con- 
currence is therefore a double focus. This proof seems applicable only to the case 
where the focus is the quadrantal pole of the cyclic arc, the points t, J being in 
this case the shadows of the circular points at infinitv. 

The argument may be also thus stated. The two lines 

(x ±yi*= 0) 

are common tangents to the curve, and to the imaginary sphere (a? 2 +y 2 -j-g 2 5=0) at 
their point of contact of a high order; their intersection is consequently a quadruple, 
or, if real values alone are considered, a double focus, and might he a multiple focus 
of a higher order. 

5. On equiharmonic or neutral cubics with double foci. The cusps are collinear, 
and in this case S, an invariant of the cubic equation, =0. 

(4 cos 2 A— 3)* 2 -f 2(cos A +3 cos B cos C -|- 2 cos A cos 2 0 )*-f*sin 4 0=0. 

There are two possible or coincident or impossible cases, according to the value of 
the parameter. 
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The two values coincide if 


sin 4 C(4 cos 2 A— 3) = (cos A +3 cos B cos 0 +2 cos A cos a C) 2 , 
or 

(cot B+3 cos a cot C) (cot B+cos a cot C)+3 sin 2 « =0, 
the biangular equation to a conic. 

That is, the locus of the double focus when the cusps are collinear, or the bound- 
ing curve, on either side of which equiharmonic values are or are not possible, is ft 
spherical ellipse, whose cyclic arcs, real or imaginary, are perpendicular to the lino 
connecting the single focus and satellite. 

In piano the bounding line is thus denoted : — 

cot B+3 cot 0 = 0, or cos C == — 

The double focus is in a line, which cuts orthogonally the connector of the single 
focus and the satellite. 

6. On harmonic cubics with double foci. 

The invariant T=0. 

cos A (0—8 cos 2 A)* 3 + 3 {0—4 cos 2 A— 9 cos 2 B+3 cos 2 C — 8 cos 2 A cos 2 0 
— 12 cos AcosBcosO }/c 2 +3sin 3 C (cos A +3 cos B cos C +2 cos A cos 2 C)k+ sin 0 C=0* 


For every position of the foci and satellite there is at least one value of the para- 
meter which yields a harmonic cubic. 

7. On the discriminant of the cubic. 

Equate ot, to zero in the point-equation (§3); besides the point of contact 
(/3— Ky=0), three tangential points are determined by the aggregate : — 

*y0 2 +2j3y cos A+y 2 ) — /9(/3 2 sin 2 B + 2/3y sin B sin C cos cr+y 2 sin 2 C). 


Since the auharmonic ratio of the lines connecting the tangential points depends 
upon the function G4— the discriminant of the ternary cubic is simply found 


from this binary cubic : — 

{ 9 k sin 2 B + (2 k cos A — sin 2 0) (k — 2 sin B sin C cos a) } 2 
+4 {3 sin 2 B(2 k cos A — sin 2 C) +(k~ 2 sin B sin C cos a) 2 } 

X {3k(k— 2 sin B sin C cos «) — (2k cos A - sin 2 C) 2 }=0. 

8. By dualising, this investigation is equally applicable to order-cubics with 
double cyclic arcs and double foci. 


Resume of Researches on the Inverse Problems of Moments of Inertia and of 
Moments of Resistance. By Professor Giuseppe Jung (Milan). 

In the study of the resistance of materials and the stability of constructions, the 
two following problems continually present themselves : — 

I. To construct a plane figure (for example, the cross- section of a cylinder loaded 
in a given manner) of which we may suppose given the orientation, the form, the 
centre of gravity, and also the moment of inertia with respect to a given neutral 
axis. 

II. To construct a plane section, given the orientation, the form, the centre of 
gravity, and also the moment of resistance * -with respect to ft given neutral axis. 

* If c is an element of a plane section F, and y be the distance of the barycentre of e 
from an axis x measured in the direction A (X being a straight lino making any angle with 
the axis x) t then the moment of inertia of F with respect to x in the direction A is 
= Eey 2 = J, the 2 extending over the contour of F. * 

If, besides, v is the distanco (measured parallel to X) of the barycentre 0 of F from the 
tangent to F parallel to x and furthest removed from O, then the moment of resistance 

of F with respect to a barycentric axis .r, in the direction X, is defined to be the ratio -- 

In fact, if we multiply this ratio by a certain constant we have the ordinary moment of 
vtvistance of the section F. 
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These two problems have recently engaged my attention. 

It is well known that engineers resolve these questions by tentative methods 
which sometimes require long calculations, and which besides are incapable of 
performance when the section is quite irregular ; and this is why it is necessary to 
fix types (such as a Zores iron, T’s, IE’s, &c.) which, being decomposable into parts 
whose moments of inertia or moments of resistance can be determined analytically, 
are calculable. 

By the simple and uniform graphical method which I have proposed, we can 
treat in the same manner as the simple sections (triangles, rectangles, &c.) the most 
complicated forms (such as a Zor&s iron or even figures with arbitrary and irregular 
contours, whose equations would not admit of expression) ; so that, in order to 
render possible the solution of these important problems, wo need sacrifice nothing, 
either from the economical or the aesthetic point of view. 

I. Let F be the unknown figure that we wish to construct, J its moment of 
inertia in a direction X with respect to a given bnrvcentric axis x *, F' a figure 
homothetical to F, O its centre of gravity, and x' a straight line parallel to x and 
passing through O'. 

Let, besides, k be the (unknown) radius of gyration of F, in the direction X with 
respect to x, so that J=&-F ; and let J' and k' be analogous quantities to J and k, 
relating to F'. 

Finally, let us suppose two orient .nl axes v, tv drawn anywhere, on which we 
have respectively the segments l A = \\ A = l, A being the point of intersection of 
u and tv. 

Solution : (a) We find directly J f the moment of inertia of F', either by the inte- 
grometer or graphical (e.ff. by Culmann’s) method. 

( b ) On the axis u take two segments AB, AB' respectively proportional to J and 

J', and describe two semicircles on the diameters UB, UB' wnicn intercept on the 
axis of to the ■ ■■ ■ '■ \ r \ O' respectively proportional to \/J find VJ'; and two 
semicircles uj ■ . - WO, WO' which intercept upon u the two segments 

Al) and AD' respectively proportional to ^/J and ^/J\ 

(c) From O' draw a straight line x' parallel to .r, and take upon x' and x the 
segments O'X', OX respectively equal or proportional to AD' and AD, so that X is 
with respect to O on the same side as X' with respect to O'. Draw the straight 
lines 00' and XX' meeting at the point 8. 

(d) Finally, transform the figure F into the homothetical figure F, taking S as 
centre of similitude ; that is to say, draw through 8 a series of lines cutting the 
contour of F in the points M', and the corresponding points M of the required con- 
tour F are formed bv constructing the intersections of the radii SM/ with the straight 
lines OM parallel to O'M'. 

This figure F is e\idently the section required, that is to say, a figure which has 
given the centre of gravity, the orientation, the form, and also the moment of inertia, 
in the direction X, with respect to x, equal to the given quantity J. In fact the 
ratio of similitude of the two figures F and F' is =J/J : ^/J'. 

Note 1 . When J' has been found, we can calculate directly the number 



and then we should take O'X’ upon .i' arbitrarily, and on OX we should take 
OX=ft.O / X'; we should then continue the procedure as above. 

Note 2. If the position of x and the magnitude of J are not given absolutely, i. e. 
if the inverse problem is to be resolved several times supposing .r and J successively 
variable, and if for the determination of J ' (see (a )) we employ the graphical 
method, it is convenient to use the central ellipse of F\ 

On this point, and for more details, see three notes that I have published in 
vol. ix. of the ‘Itendiconti dell’ Istituto Lombardo,’ 1870, or my memoir, “Sul 

* We may restrict ourselves to consider the axes which pass through the centre of 
gravity O of F, on account of the well-known relation between the moments of inertia 
which have reference to these axes, and those which have reference to any parallel axes. 
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problems inverso dei moment! d’Inerzia ” in rol. xxiv. of tbe 1 Politecnico, Gior- 
nale dell* Ingegnere architetto civile ed induatriale ’ (Milano, 1876), which, -contains 
two lithographic tables, and, as an appendix, a comparison between the numerical 
and the graphical calculation of a Zor6s iron. 

II. Retaining the same notation as before, let R be the given moment of resist- 
ance of F in the direction X with respect to a given barycentric axis x, i. e. let 

J k 2 

R= - = F. r, where r= ~ is the radius (or am) of resistance of F with respect to 
r in the direction X. 

Let II' and r' be analogous quantities to R and r for the figure F'. 

Solution. Find directly R' (for example, by Culmann’s graphical method); 
determine, either graphically or by a numerical calculation, the ratio 

3 / 5 . - 

V It’ — ^ > 

draw through O' a straight line x' parallel to x ; take on x ' any segment O'X' and 
on x a segment 0 X = /x . O'X' so that X is with respect to 0 on the same side as 
X' with respect to O'; and draw the straight lines 00' and XX cutting one another 
in S. 

Then transform the figure F' into the homothetical figure F, taking S as centre 
of similitude (see above). This figure F is evidently the required section ; that is 
to say, a figure which has the given bary centre, orientation, and form, and also the 
moment of resistance in the direction X with respect to the axis x = tne given mo- 
ment R. 

For further details see the notes already cited in the 1 Rendiconti dell’ Istituto 
Lombardo,’ 1870, and also the memoir “Sul problema inverso dei momenti di re- 
dstenza,’ which will appear in the ( Politecnico, Giornale dell’ Ingegnere arch. civ. 
ed industr.’ (Milano, 1870). 


Resume of Researches upon the Graphical Representation of the Moments of 
Resistance of Plane Figures. By Professor Giuseppe Jung {Milan). 

Continuing the investigation upon the moments of resistance of a given plane 
figure F, I have communicated to the Istituto Lombardo * some results which I 
have obtained, and of which I here give a short account. 

1. Retaining the same notation as in the last paper, I have given several gra- 
phical methods for calculating the radii of resistance r in an arbitrary direction X 
(and, consequently, the corresponding moments of inertia R=F.r) of the figure 
F with regard to any barycentric axis x, and I have found several representative 
curves, viz. in this sense that these curves have for radii vectores the radii of resis- 
tance r. So that, having given an axis x and one of the representative curves 
(which I show how to construct), we have the corresponding moment of resistance 
by multiplying by the area F of the section a certain radius vector of the represen- 
tative curve. 

It is remarkable that when the direction X is conjugate to the direction of the 
given axis x (i. e. that when the diameter of the central ellipse of F parallel to X is 
conjugate to the diameter x) f one of the representative curves is the central nucleus 
(Centralkern) t of the figure F, and we have the following theorem 

* See ‘Rendiconti dell’ Istituto Lombardo,’ ser. 2, t. ix. 1870, No. xv. “Rapprcsen- 
tazioni graficlie dei momenti reeistenti di una sezione piana.” No. xvi. “Complemento 
alia nota procedente.” 

f Perhaps it will be useful to recall here rapidly some notions which are, however, well 
known (see, for example, my memoir “ Sui momenti dTnerzia” in the ‘Rendiconti dell’ 
Istituto Lombardo/ 1875). 

In the plane of F to every straight line, considered as a neutral axis, corresponds a point 
X which is the centre of the pressures (tensions) or the centre of tbe second degreo or the 
point of application of the resultant of the normal forces acting on the section F. This 
point X is also called tho antipole of the straight line x ; and the straight line x is the 
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The radius of resistance toith respect to a bary centric axis , in the direction of the 
conjugate diameter, is equal to the smaller of the two radii vectorcs of the central 
nucleus situated on the latter diameter. 

We thus see that the central nucleus stands in nearly the same relation to 
the radii of resistance that the central ellipse does to the radii of gyration of the 
figure F. In fact the difference consists chiefly in this, that each of the radii 
yectores of the ellipse situated on the diameter y is equal to the radius of gyration 
of F with regard to the conjugate diameter x ; while in general one only (the 
smaller) of the two radii vectores of the nucleus situated upon y is equal to the 
radius of resistance of F with regard to the conjugate diameter x. 

2. Suppose that F is a cross-section of a cylinder upon which are acting forces 
situated in a plane passing through its axis, the intersection of this plane with the 
plane of F is the axis of sollicitation of the section F, and the straight line which 
passes through its barycentre and is conjugate to the axis of sollicitation is the 
neutral barycentric axis. This being premised, I show that 

The moment of resistance with reject to a barycentric axis x, in the conjugate 
direction y, is equal to the resistance specific* to the cohesion with respect to the 
flexure relatively to the a a is of sollicitation y. 

From which follows a theorem giving tiio law of variation of the specific resist- 
ance of F, when the axis of sollicitation turns round its centre of gravity, viz. : — 

The central nucleus of a given section is the curve of resistances specific to the cohe- 
sion with respect to the flexure. A radius ( of the nucleus (the smaller of the two 
situated on the barycentric axis considered) multiplied by the area F gives the specific 
resistance icith respect to its direction , considered as axis of sollicitation. 

3. Taking still the barycentre of F as pole and for radii vectores segments pro- 
portional to the maxima 1 specific resistances of the section with respect to the 
flexure and corresponding to each axis of sollicitation, I find the remarkable 
theorem : — 

The curve of maxima resistances of F is a transformation by reciprocal radii vectores 
(the inverse X) of the central nucleus of the section. A radius vector of this inverse 

curve, multiplied by p, yives the specific maximum resistance of F with respect to its 

direction , considered as axis of sollicitation. 

4. Two other theorems are connected with a note of M. Hitter, “Ueber eine noun 
Festigkeitsformel ” (seethe * Civilingenieur,’ 1870, Heft iii., iv.). The more im- 
portant is that which gives a simple solution of the following question : — Ghen 
the point of application of the resultant of the forces which act normally on the 
section F and also the central nucleus, but not the central ellipse, of F, find the 
neutral axis corresponding to this point. 

If O is the centre of gravity of F, C the point of application (in the plane of F) 


antipolar of the point X. If in any one given direction X, d is the distance of the centre 
of gravity of F from the straight line x, and 7c is the radius of gyration of F with respect 
to the barycentric axis parallel to .r, thesdistance, measured parallel to X, of the straight 


line x from its antipole = d 4- 


7;2 


If a straight line y passes through X, its antipoley lies 


upon x. The point X, which is the antipole of the straight line x in this reciprocal system 
(antipolar system), jsaho the pole, in Foncelet’s sense, with respect to the central ellipse 
of F, of the straight line x' which is symmetrical to x with respect to the point O (bary- 
centre of F and centre of its central ellipse). 

If a variable straight line envelops the contour of F without cutting it, its antipole 
X describes a closed curve which is the central nucleus (Centralkern) of the figure F (seo 
Culmann, ‘Dio graphische Statik,’ 2nd edition, t i. Absehmtt, Zurich, 1875). 

* It is the moment of resistance of the section for which, the axis of sollicitation of the 
forces being given, the unit of tension (or of pressure) is produced in the most distant 
fibre of the neutral axis upon the unit of area of this fibre. 

t That is, the maximum unit tensions (or pressure) on the hypothesis that tlio moment 
of the exterior forces which produces the flexure in the sections of the cylinder is *»1. 

X See, for example, Hirst, “Inversione quadratica” (‘ Annali di Afatemnticn,’ Roma, 
1st series); Darbo^x, ‘Sur une classe reraarquable do courbes et do surfaces algebriques/ 
Pari • 1873. 
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of the resultant of the forces which act normally uponF, O' the point in which 00 
is met by the (unknown) neutral axis, A and B the points in which OC meets the 
contour of the central nucleus. A' and B' the points in which 00 meets respectively 
the antipolars of A and B *, then this last theorem can be enunciated thus : 

The point 0' is conjugate to 0 in the involution A A', BB'. 

Consequently, if 0 is given, we have O' linearly, and wo construct the neutral 
avis by drawing through 0' a straight line parallel to the conjugate direction of 00. 


On a new Construction for the Central Nucleus of a Plane Section. 

By Professor Giuseppe Jung (Milan). 

I have the honour to communicate to Section A a new and very easy method of 
representing the radii of gyration of a given plane (figure F), 'which appears to bo 
more simple than the known methods of Poinsot, Reye, and Mohr. 

From this representation I deduce a new construction for the central nucleus of 
F, independent of that of the central ellipse of the figure. This I regard as inter- 
esting, because of the importance of the central nucleus in the study of the stability 
of constructions, on account of its remarkable properties with regard to the moment 
of resistance of the section See. (See Culmann , i Die graphische Statilc,’ and the 
memoirs of which a resume has just been given.) 

1. Let O be the centre of gravity of F ; AA and BB its principle axes of inertia, 
i. e. the axes of the central ellipse E of F ; f and f (upon AA) the two foci of E ; 
0 the circle which has for diameter the major axis AA. Then the radium of gyra- 
tion of F (in the normal direction ), with respect to any harycentric axis or, is the seg- 
ment MM' of the perpendicular drawn to x from one of the points f f ' included 
between the axis x and the circle C. In fact the circle 0 is the locus of the feet of 


the perpendiculars let fall from the foci f f upon the tangents to the ellipse E. 

Thus the circle G represents the radii of gyration of F (in the normal direction) 
with respect to all the harycentric axes. If from M' we draw the straight lino m 
parallel to x , the segment NN' of any straight line X, included between x and m, is 
equal to the radius of gyration with respect to x in the arbitrary direction X ; that 
is to say, if we take the* angle X.t= 90 — •&>, we have the radius of gyration, in the 

direction X, =NN'. We can dispense with the perpendiculars. It is suffi- 


cient to construct, besides the circle G, the circle r on Of as diameter : if x meets 
the circle r in the point M, and M/ he drawn cutting the circle C in the point M', 
the segment MM r will be the required radius of gyration. 

2. Let G he a circle passing through 0, and of arbitrary radius f . If through the 
points A we draw two parallels to I3B, and through the points B two parallels to 
A A, the diagonals bf the rectangle so produced meet (t in two points « and n', and 
t lie straight lines A A, BB meet the same circle in ft and ft'. Let U be the point 
of intersection of the chords a a and ft ft'. 

By means of this point U we construct the harycentric avis y, conjugate to any given 
harycentric a a is x. It is only necessary to observe that if x cuts G in the point A, 
and XU cuts G in the point Y, the straight line OU is the axis y required. This 
is, in fact, merely tho construction for the radius y conjugate to x in the involution 
of the straight lines O(AB.aa'); but these latter are two pairs of conjugate dia- 
meters of the central ellipse of F, whence &c. 

3. Construction for the central nucleus. Draw any suitable number of straight 
lines enveloping the contour of F without cutting it. Let 1 be one of these lines, 
i. e. a tangent which does not cut elsewhere the contour of F ( unless it be convex). 
Draw through O the axis x parallel to l, and through f the perpendicular to l } 
which meets l, x, and tho circle C in the points V, M, and M' respectively. With 
ccntro M and radius MM' describe a circle, intercepting on x the distance MIG 


* These antipolars are tangents to tho contour of F and parallel to the conjugate direc- 
tion of OC ; and we know that the baryceutre O is situated on each of the finite segments 
A A' and BB'. 

t Wo might take G coincident with T ; then ft coincides with /and ft' with 0, and V 
is the point of intersection of and AA'. 

1870. 3 
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(«= radius of gyration, normal with respect to x ; see No. 1), and through K' draw 
the perpendicular to K'V meeting MM' in the point K. The straight fine passing 
through K and parallel to / cuts the axis y, conjugate to x (see the construction 
for it in No. 2), in the point L, antipole of l*; consequently L is a point on the 
central nucleus. 


Centroids , and their Application to some Mechanical Problems. 
By Professor A. B. W. Kennedt. 


Elementary Demonstration of a Fundamental Principle of the Theory of 
Functions . By Paul Mansion, Professor in the University of Ghent. 

M. Tlionme ('Abrisseiner Theorie der complexen Functionen,’ 2 te Auflage, Halle, 
1873, pp. 11-13) first demonstrated rigorously the theorem that u a function y = 1 H V, 
whose differential coefficient, both in the positive and in the j.< .'if vo direction, is 
zero for every value of ,r, from x 0 to X, is constant in this interval." Thio important 
proposition can be demonstrated in an elementary manner by the following method, 
which seems capable also of other applications. 

I. If the differential coefficient of a function y = F.t? in the positive direction is 
the same as in the negative direction, this differential coefficient is equal, for a 

jiY'p i F(.r ) 

system of values ( x , y), to the limit of the ratio — ^ f , # 2 and x x converging 

.v 2 — x x 

towards the intermediate value x. 

In fact, by hypothesis, 

Fx, - Fx= (x t - x) (y' +f 2 ), 

Fxi—Fx = (x, -x)(y'+ 

f, and f u being infinitely small. Consequently 

F.r, — F.r. .r, - x .i--x 

— — - =’/+<> 7- — +t 2 -r— ; ; 

and, Cj and e 2 being multiplied by proper fractions, since x is intermediate to x x 


and x. 


lim = . 


II. Let x b) x lf , , . . 1 , X be increasing values of x } to whicli correspond the 

values y 0 , y lf . . . . y„_ 1 , Y of the function Fa?, 

We have 

Y -yo _, ( y l - yo )+( y 3 -y,) . . . . (Y-y,. _i) 

x —*o (x,-x 0 ) + (x 3 — (X — 

Y— v 

It results from this equation that ^ — - has a value intermediate to the greatest 
and least of the ratios unless they are all equal. Thus : — Unless all the 

• yi-i 

~~ ’s are equal in the interval (x 0) X), there is at least one of them greater than and 
Y — y 

one of them less than v? — 

UX. ' X Q 

III. If the differential coefficients of a function ;/= F# are the same in the positive 
direction as in the negative direction , from x 0 to X, then either all these differential 


* In fact if OLz=y meets l in L f , and if k is the radius of gyration with respect to x in 

. . IP 

the conjugate direction we have, by construction, LX=L'04- T ,^; but the distance, in 

Jj u 

the direction y , of the straight line l from its antipole has exactly this value (see note to 
my *R6sum6 of Researches upon the Graphical Representation’ &c.); therefore L is the 
antipole of l. 
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coefficients are equal, or there is at least one of them great er than and one less than 

^ —yo 

Subdivide the interval X— x Q into n parts : the corresponding to one of them, 

y y 

w iii be greater than ^ — — (No. II.). Operate in the same manner with 

A. X Q 

.r,— and so on. We shall thus have an indefinitely increasing series of — r s,all 
Y— v 

greater than ^~ r 0 (No. II.), and having for limit the differential coefficient y' of 


Fx for a certain value of x (No. I.). There is, then, a differential coefficient y t 
Y—v 

greater than v — — °. In the same way we can show that there is one smaller. We 
a— . r 0 

must, however, except tho case of — ~ constant, which arises when y—ax+b. 


IY. If the differential coefficient of a function , supposed the same in the positive 
and negative directions , is equal to a constant a, from x 0 to X, the function is linear 
and of the form u.r-f-6. 

Necessarily, x and x\ being any two values included in the interval (x ot X), 


x—x l 

whatever x and x x may be. For, were it otherwise, there would be between x and 
x , a differential coefficient greater than a , and one smaller than a. Thus: — 

Corollary . — If a = 0, y = constant. Q.E.I). 


On Convergents. By Thomas Muir, M.A., F.R.S.E, 

In Lagrange’s additions to Eulers Algebra (2nd Eng. ed. vol. ii. p. 270), he sets 
himself the problem, — A fraction expressed by a great number of figures being given , 
to find all the fractions , in less terms , which approach so near the truth that it is im- 
possible to approach nearer without employing greater ones ; and for solution he gives 
in effect the following rule : — Transform the given fraction into a continued fraction 
with unit numerators mid positive integral partial denominators , and the so-called con- 
vergents of this continued fraction will be the fractions required. In this he is in error, 
the fractions found being some of the fractions required, but not all. Thus, taking 
7r as the given fractional form, lie transforms it into 

o + l I 1 

. a+ 7+15+l+... 

J? 22 333 355 ♦ 

the so-called convergents of which are y, y» n5» • • • * ’ ail( * * u to them 

ho says : — a So that we may be assured that tho fraction \ approaches nearer the 
truth than any other fraction whose denominator is les9 than 7 ; also the fraction 
j approaches nearer the truth than any other fraction whose denominator is less 
than 100 ; and so of others.” 

The statement here made in reference to ^ is easily seen to be incorrect by com- 
paring the difference of j from it with that of ^ or the former being, of 

course, *14159 . . . , and the three latter *10840 . . . , *05840 , . . , *02507 . . . ; and 
the incorrectness extends to what is said of the other convergents. The true solu- 
tion lies in the fact that not only is 3 one of the required fractions, but so also 

3* 
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aro 3+|, 3+*-, 3+^, where the denominator we begin with is the first integer greater 
than the half o f 7 : similarly, that before we come to 


w% have 


O I 1 I 
^ * 7 + 15 ’ 


o + ?+ g, 

„ , 1 1 
3 + 7 + 9 ’ 

1 I 

>,+ 7 + 10 ’ 


and so on. When an even partial denominator occult, we take as the partial deno- 
minator to begin with, either its half or the first integer greater than its half, accor- 
ding ns the partial denominator following is greater or less than that preceding, or, 
these being equal, according as the next following is less or greater than the next 
preceding, and so on. 

Another improvement, though verbal, is important, viz. in regard to the term 
convergent , the present definition of which seems arbitrary and unreasonable. With 
great convenience it mav be defined as follows : — A convergent of a fractional 
number is a fraction which is a closer approximation to the given number than any 
other fraction with a smaller denominator ; so that Lagrange’s problem is simply to 
find all the corner gents of any fraction. 


On the Relation between two continued Fraction Expansions for Series, 
By Thomas Muik, M.A., F.R.S.E. 


On the Use of Legendre's Scale for Calculating the First Elliptic Integral, 
By Professor F. W. Newman. 

Denoting the first elliptic integral by F(c, co), and taking x such that x: ] i r 
=F 0, co) : F(c, \rr) ; then, in Lagrange's scale, from a> we deduce successively co,, 
®a> ®3 • • • • bv a given law, with the aid of c,, c 2 , c 3 . . . . previously determined from c. 
Then x is the limit to which co, 2‘ l a),, 2-< o^, 2 '^cog . . . converge. If c is mode- 
rately small, the convergence is rapid. But if c‘ is very near to 1, it may bo ex- 
pedient to reverse the direction of the new amplitudes and moduli, viz. to calculate 
c backwards e f , c", c'", so as to make c" 7 o", c\ c , c v c 2 , ... . a series continued by a 

single law j and similarly from co calculate backwards co f , co", co'" Then o>', 

co", co'" .... are proved to converge to a fixed limit co’ and F(c, co) : F (b, £ 71 -) = Nap 
log tail ({ 7 r-J-'i co') : \ n. The function Nap log tan ({ 7 r*p J co*) involves but a single 
element co', and was calculated by Legendre, (fuderinann has since published a far 
ampler table. In practice the limit co’ is quickly reached : often it sufiico 9 to make 
co’=co', at worst co' — co". Thin for very large values of c 3 Lagrange’s scale prac- 
tically suffices, presuming that we have at hand tables of F(c, and F(6, {tt). 

But Legendre, who discovered a new scale after completing his principal calcu- 
lations, regarded his new scale as having much advantage in finding F(e, <o) at 
once rapidly and accurately. In it x is the limit of co, 3“ 1 o> 1 ,3- 2 g> 2 , 3~ 3 co, . , . ., ni.d 
the convergence, generally excellent in Lagrange’s scale, is far more rapid in 
Legendre’s. In Lagrange’s scale the relation of co, to co is tan (co,— -co) = 6 tan co. 
The relation in Legendre’s scale is to the e^e as simple, viz. tan ^(co! — o>)= A tan w; 
but in the constant A, =\((1— c 2 sin 2 0), the value of 0 is determined by the equa- 
tion F(c, 0)= |F(c, {n ). A practical difficulty arose in the very considerable trouble 
needed to obtain A (or its logarithm) numerically when c was given. Legendre 
allowed how 0 was obtainable from c : the cubic equation arising can be solved by 
a mere extraction of the cube-root ; but there are also two quadratics involving two 
extractions of the square-root. Then from 0 we have to calculate if( 1 — c 2 sin 2 0) 
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and find its logarithm before we can proceed to deduce aq lrom <*>. All these 
operations have to be repeated to find o> 2 from aq ; nay, we must first find c x from c, 
and that is still more arduous. 


But when we assume p, = 


X F(M*r) 

'* n iXc,lny 


as argument, all is greatly simplified. 


The relation of c, c v c.,, c 3 .... in T.,ijnm_v‘- scale corresponds with p, 2 p, 2 2 p, 2 3 p, 
. . . ., and in Legendre’s scale with p. p, 3 3 p . . . ., wnich involve no trouble in 
calculating. No doubt we need tables (of single entry and easily compiled) to yield 
c, h when p is given, and p when c is given. Presuming these, we may treat x and 
F(c, ox ) as functions of p and <0 j after which the difficulties of the constant multi- 
plier A vanish, and Legendre’s scale becomes practical to us. 

Denote — log A, /. e. — log sj (1— c 1 sin a £), for the moment, by $(p) (here the 
common log is intended) ; then, among the numerous series which express functions 
of the amplitude g> in terms of a 1 and p, the author selects (with X for Napier’s log) 


-JX. V(l-c 2 sinV) = 


■ cos 2.r 11— cos Ox , 1 1— cos KXr c 

o' - + o + h + iVc *’ 


sin 10p 


■where ship is written for ^(t^ — e p ). By hypothesis, F(c, (3) = l F(c, \ tt) j hence 
when o)=j3, a?=]7r, and we get, writing cosec p for the reciprocal of sin p, -J <£(/>) 
=M{ cosec 2pH- T J- cosec 10p-f-} cosec llp-fi 1 ! cosec 22p+&c.}, M being the mo- 
dulus of the common logarithms. 

Assuming that -we have a table of <£(p), then given p and wwo have the equation 
log tan J(oq — co)= log tan o> — <b(p) to iindoq ; log tan a>iWlog tan cuj— $(3 ( p) 

to find aq ; log tan \(a> 3 — <a 2 )=log tan a> 2 — <I>(3 2 p) to find oq, and so on. The 
approximation is sufficient when 4>(3"p) is negligible ; and this result is obtained 
so rapidly, that in the extreme case of p = £, x = 3 *V is correct to ten decimals. 

To bring the method to a practical trial, the author has calculated to twelve 
decimals a skeleton table of 4>(p) for p= 0*5, OB, 0*7, 08, 0 0, and from p=l 
to p = 14*3 at intervals of 0*1. The table is given in the paper, and also exam- 
ples of the method. The process also by which the table was constructed, with 
the aid of tables of cosec p and t>“ p , previously calculated by the author, is ex- 
plained. 


General Theorems relating to Closed Curves. By Professor P. tt. Taii. 

The closed curves contemplated are supposed to have nothing higher than double 
points. By infinitesimal changes of position of the branches intersecting in it, a 
triple point is decomposed into three double points, a quadruple point into six, and 

generally an a:ple point into — --- double points. (1) A closed curve cuts any 

infinite uiikiioited line in an even number of points [infinite here implies merely 
that both ends are outside the closed curve], (2) The same is true if the line be 
knotted. (3) If any two closed curves cut one another, there is an even number 
of points of intersection. (4) In going continuously along a closed curve from a 
point of intersection to the same point again an even number of intersections is 
passed. (»*>) Hence in going rounu such a closed curve we may go alternately 
above and below the branches as we meet them. (0) By (3) the same proposition 
is true of a complex arrangement of anv number of separate closed curves super- 
posed in any manner. (7) In passing from the interior of any one cell to that of 
any other — in any system of superposed closed curves — the number of crossings is 
always even or always odd, whatever path we take. (8) Hence the cells may be 
coloured black and white in such a way that from white to white there is always 
an even number of crossings, and from white to black an odd number. Such closed 
curves therefore divide the plane as nodal lines do a vibrating plate. 

The above are the enunciations of the propositions proved in the paper, which, 
with the necessary figures &c., will be found printed in e.rtenso in the i Messenger 
of Mathematics,’ vol. vi., January 1877. 
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On a Theorem in the Mensuration of certain Solids. 
By Professor James Thomson. 


On Division-remainders in Arithmetic . By W. II. Walenn. 

The author referred to a series of papers of his on unitation recently published 
in the * Philosophical Magazine/ and to some remarks published in the Brit. Assoc, 
volume for 1870. If x divided by S leave remainder y, then the author calls y the 
unitato of x to the base 5, and writes U 5 #=y. The results of “ unitation ” may be 
conveniently applied to the verification of many numerical operations. The method 
of unitation is practically equivalent to the theory of congruencies, viz. the equa- 
tion l lyc—y would be written x~y (mod 6); and many of the results are iden- 
tical with those given by Gauss, 


On Many -valued Functions. By M. M. U. Wilkinson, M.A. 


General Physics, &c. 

On the Transformation of Gravity . By James Choll, F.R.S.* 


On the Influence of the Residual Gas on the Movement of the Radiometer . 

By William Crookes, F.R.S. 

The author’s recent experiments show that the movement of this instrument is 
not due to a direct repulsion exerted by light on the vanes, but to a mutual action 
called out between these vanes and the very attenuated gas remaining in the instru- 
ment. It is well known that, with a moderately good vacuum, the motion becomes 
more rapid as the exhaustion proceeds ; but lie bas recently succeeded in producing 
such a complete exhaustion that he not only reaches the point of maximum effect, 
but goes so far beyond it that the effect nearly ceases. The vacuum is measured by 
means of a special apparatus, in which a moving plate, instead of continuously rota- 
ting in one direction, as in the ordinary radiometer, is suspended by a glass fibre, 
which it twists in opposite directions alternately. The movement is started by 
rotating the whole apparatus through a small angle, and the observation consists in 
noting the successive amplitudes of vibration when the instrument is left to itself, 
a mirror and spot of light being employed for this purpose. The amplitudes form 
a decreasing series, with a regular logarithmic decrement. The logarithmic decre- 
ment is nearly constant up to the point at which the vacuum is apparently equal to 
a Torricellian vacuum, the mercury in the gauge standing at the same height as a 
barometric column beside it; but as the exhaustion proceeds beyond this point, the 
logarithmic decrement becomes smaller — in other words, the amplitude diminishes 
less rapidly. By plotting the observations and supposing the curve continued, it is 
indicated that, if a perfect vacuum were attained, and tne glass fibre had no visco- 
sity, the logarithmic decrement would be zero, we should have perpetual motion 
with constant amplitude, whilst, at the same time, the radiometer would cease to 
act. Other gases as well as air have been tried. Aqueous vapour is very unfavour- 
able to the action of the radiometer ; hydrogen, on the contrary, gives the best 
result of all. Several experiments have been already described, which seem to 
point to the true explanation of the action of the radiometer ; but the author thinks 
Mr. Stoney’s explanation the clearest. According to this, the repulsion is duo to 
the internal movements of the molecules of the residual gas. When the mean 
length of path between successive collisions of the molecules is small compared 
with the dimensions of the vessel, the molecule^ rebounding from the heated sur- 
face, and therefore moving with an extra velocity, help to keep back the mor* 

* Printed in cxtmso m tbo Phil Mag. 1876, ii. p. 241. 
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slowly moving molecules which are advancing towards the heated surface j it thus 
happens that though the individual kicks against the heated surface are increased 
in strength in consequence of the heating, yet the number of molecules struck is 
diminished in the same proportion, so that there is equilibrium on the two sides of 
the disk, even though the temperatures of the faces are unequal. But when the 
exhaustion is carried to so high a point that the molecules are sufficiently few, and 
the mean length of path between their successive collisions is comparable with the 
dimensions of the vessel, the swiftly moving, rebounding molecules spend their 
force, in part or in whole, on the sides of the vessel, and the onward crowding, 
more slowly moving molecules are not kept back as before, so that the number 
which strike the warmer face approaches to, and in the limit equals, the number 
which strike the back, cooler face, and as the individual impacts are stronger on 
the warmer than on the cooler face, pressure is produced, causing the warmer face 
to retreat*. 

Mechanical Theory of the Soaring of Birds . By W. Froude, F.R.S. 

On the Passage of Fluids through C try and other Tubes . 

By Professor F. Guthrie o ,■ 1 Dr. V. Guthrie. 

On the Modification of the Motion of Waves produced by Fluid Friction. 

By Prof. J. Purser. 


On the Forces experienced by a Lamina immersed obliquely in a Fluid Stream. 

By Lord Rayleigh, F.R.S A 

On the Resistance encountered by Vortex Rings , and the Relation between the 
Vortex Ring and Stream-lines of a Disk . By Prof. Osborne Reynolds. 

Description of the Bathometer. By Dr. C. W. Siemens, F.R.S. 

On the Amplitude of Waves of Light and Heat. 

By G. Johnstone Stone y, F.R.S. 

On Acoustic Analogues to Motions in the Molecules of Gases. 

By G. Johnstone Stoxey, F.R.S. 

Experimental Illustration of the Origin of Windings of Rivers in Alluvial 
Plains. By Professor James Thomson, LL.D ., D.Sc. 

The author referrod to a communication which he had made to the Royal Society 
in the month of May last J, in which he had given a pew theory of the flow of 
water round bends in rivers and round bends in pipes, and had explained the 
reason wh y, in alluvial plains, the bends of rivers go on increasing by the wearing 
away of the outer bank, and the deposition of mud, sand, and gravel on the inner 

* For further researches on this subject, see papers read before the Royal (Society. 
November 16, 1876, and on April 26, 1877. 

t Printed in extenso in the Phil. Mng. 1876, ii. p. 430. 

} Proo. Roy. Soc. vol. xxv. p. 5. 
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bank. The theoretical view which he had then ottered, he now, for the first time, 
had verified by practical experiment ; and this experiment he showed in the 
meeting. The chief point of the new view now experimentally proved was that 
the water in turning the bend exerts centrifugal force, but that a thin lamina of the 
water at bottom, or in close proximity to the bed of the river, is retarded by friction 
with the river-bed, and so exerts less centrifugal force than do like portions of the 
great body of the water flowing over it in less close proximity to the river-bed. 
Consequently the bottom layer flows inward obliquely across the channel towards 
the inner bank, and rises up in its retarded condition between the inner bank and 
the rapidly flowing water, and protects the inner bank from the scour, and brings 
with it sand and other detritus from the bottom, which it deposits along the inner 
bank. The apparatus showed a small river, about 8 inches wide and an inch or two 
deep, flowing round a bend, and exhibiting very completely the phenomena which 
had been anticipated. 


On Metric Units of Force, Energy, and Power , larger than those on the Centi- 
metre- Gram-Second System . By James Thomson, LL.D ., D.Sc ., F.R.S.E . , 

Professor of Civil Engineering and Mechanics in the University of Glasgow . 

The author premises that under the excellent method of Gauss for establishing 
units of force, a unit of force is taken as being the force which, if applied to a unit 
of mass for a unit of time, will impart to it a unit of velocity. In the stem 
already adopted by the British Association Committee on Bvnnmical and Electrical 
Units (Brit. Assoc. Report, part i. 1873, page 222), the Centimetre, the Gram *, 
and the Second were taken as the units of length, of mass, and of time ; and the 
unit of force thence derived under the method of Gauss was called the Dyne. 

That force is \ery small, quite too small for convenient use in all ordinary 
mechanical or engineering investigations. It is about equal to the gravity of a 
milligram mass, and that force is so small that it cannot be felt when applied to 
the hand. That system, designated as the Centimetie-Gram-Seeoud System, 
recommended by the Committee of the British Association, and described fully, 
with many applications, in a book since published by l)r. Everett, who was 
Secretary to the Committee, is well suited for many dynamical and electrical 
purposes ; and it ought certainly to be maintained for use in all cases in which it 
is convenient. But the object of the present paper is to recommend the employ- 
ment also of two other systems which are in perfect harmony with it, and to 
propose names for the units of force under these two systems. 

In one of these systems, the Decimetre, the Kilogram, and the Second are the 
units adopted for length, mass, and time ; and thus the system comes to be called 
the Decimetre-Kilogram-Second System. 

In the other, the Metre, the Tonne t, and the Second are adopted as the units of 
length, mass, and time ; and thus the system comes to be called the Metre-Tonne- 
Second System. 

It is to be particularly observed that all the three systems heie referred to aie 
framed so as to attain the condition, very important for convenience, that the 
unit of mass adopted is the mass of a unit volume of water, and that, therefore, 
for every substance the specific gravity and the density, or mass per unit of volume, 
are made to be numerically the same. 

In the Decimetre-Kilogram-Second System, the unit of force derived by the 
method of Gauss is 10,000 Dynes, or is about cquri to the gravity of 10 Grams. 
It is impossible, or almost so, to work practically with any such system without 
haling a name for the unit of force. Tne unit of force in this system is such that 
a human hair is well suited for hearing it as a pull, with ample allowance of extra 

* The spelling Gram, instead of Gramme, for the English word is adopted in tho 
present paper in accordance with the spelling put forward in the Metric Weights and 
Measures Act, 1804, which legalizes the use of the Metric System in Great Britain and 
Ireland. 

f The Tonne is the mass or quantity of matter contained in a rubic metre of water, and 
is lerj nearly tlm same as the British Ton. 
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strength for safety against breakage ; and tlie author proposes to call it the Criual, 
from the Latin crinis and crinalis. 

In the Metre-Tonne-Second System the unit of force, likewise derived by the 
Gaussian method, is 10,000 Crinals, or 100,000,000 Dynes, or is about equal to the 
gravity of 12 cwt., or of /<,- of a ton. This force would be properly borne as a pull 
by a moderately-sized rope ; and the author proposes to call it the Funal , from 
the Latin funis and f ninths. 

Then we have One Horse-Power, of 33,000 foot-pounds per minute, about equal 
to 75,000 Decimetre-Crinals per second ; and the itorse-Power is also about equal 
to *75 of a Motre -Funal per second. 

Also 1 Metre-Funal = 100,000 Decimetre-Crinals, 

= 10,000,000,000 Centimetre-Dynes, or Ergs, 

= 10 10 Ergs. 

Also 1 Horse-Power is about = 7,500,000,000 Centimetre-Dynes per second, 
or as the same may be written 75 x 10 8 Centimetre-Dynes per second. 

The number 7,500,000,000, for expressing a Ilorse-Power under the Centimetre- 
Gram-Secoud System, is an exceedingly i one; and it gives a very 

decisivo indication that the Centimetre and Gram are too small to he suitable as 
fundamental units of length and of mass lor ordinary engineering purposes ; and 
that there is great need for the establishment of systems having larger units, such 
as those which have been recommended in the present paper, and for which a con- 
venient nomenclature has been offered. 

It is to he observed that the provision made bv the British Association Com- 
mittee, in the lleport already referred to, of a multiple of the Dyne, such as the 
Megadyne, or million of Dynes, as a larger unit of foice, does not accomplish all 
that is to be desired, because various important formulas, or convenient methods 
of statement, will not hold good when any of the units are so derived. Thus, for 
instance, if the Megadyne be the unit of force, while the Gram and Second are the 
uuits of mass and time, the ordinary formulas for giving the so-called u centrifugal 
force ” of a revolving mass, 

F= — and r =»iwy, 
r 1 

will not hold good ; and, as another instance, we may notice that the proposition 
that, in respect to a jet of water, the reaction force on the vessel is equal numeri- 
cally to the momentum generated per second, will not hold good ; and numberless 
jther instances might readily be cited, but those given may suffice. 


On the P recessional Motion of a Liquid. 1 hj Sir W. Thomson, D.C.L . , F.E. 8. 

The formulas expressing this motion were biietly explained, but the analytical 
treatment of them was reserved for a paper “ On the Nutation of a Solid Shell 
containing Liquid.'* The chief object of the present communication was to illus- 
trate experimentally a conclusion from this theory which lias been announced by 
the author in his opening address to the Section, to the effect that, if tlie period of 
tho precession of an oblate spheroidal rigid shell full of liquid is a much greater 
multiple of the rotational period of the liquid than any diameter of the spheroid is 
of the difference between the greatest and least diameters, the processional effect 
of a given couple acting on tlie shell is approximately the same as if the whole 
were a solid rotating with the same rotational velocity. The experiment consisted 
in showing a liquid gyrostat, in which an oblate spheroid of thin sheet-copper 
Idled with water was substituted for the solid tly-wlieel of the ordinary gvrostat. 
[n the instrument actually exhibited the equatorial diameter of the liquid shell 
exceeded the polar axis by about one tenth of either. 

Supposing the rotational speed to ho thirty turns per second, the effect of any 
motive which, if acting on a rotating solid of the same mass and dimensions, would 
produce a precession having its period a considerable multiple of £ of a second, 
must, ii-v to theory, produce very approximately the same precession hi the 
thin In !! I.l!> >1 with liquid as in the rotating solid. Accordingly the main pre- 
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cessional phenomena of the liquid gyrostat were not noticeably different from those 
of ordinary solid gyrostats, which were shown in action for the sake of comparison. 
It is probable that careful observation without measurement might show very sen- 
sible differences between the performances of the liquid and the solid gyrostat in 
the way of nutational tremors produced by striking the case of the instrument 
with tho fist. 

No attempt at measurement either of speeds or forces was included in the com- 
munication, and the author merely showed the liquid gyrostat as a rough general 
illustration, which he hoped might be regarded as iim in!or* , -mig illustration of that 
very interesting result of mathematical liydrokinetics, the quasi-rigidity produced 
in a frictionless liquid by rotation. 

P.S. — Since the communication of this paper to the Association, and the de- 
livery of my opening address which preceded it on the same day, I have received 
from" Prof. Henry No. 240 of the ‘ Smithsonian Contributions to Knowledge/ of 
date October 1871, entitled u Problems of Rotatory Motion presented by the Gyro- 
scope, the Precession of the Equinoxes, and the Pendulum,” by Brevet-Major Gen. 
J. G. Barnard, College of Engineers, U.S.A., in which I find a dissent irom the 
portion of my previously published statements which I had taken the occasion of 
my address to correct, expressed in the following terms : — 

u I do not concur with Sir William Thomson in the opinions quoted in note, 

E . 38, from Thomson and Tait, and expressed in his letter to Mr. G. Poulett 
cropo (‘ Nature/ Feb. 1, 1872); so far as regards fluidity or imperfect rigidity, 
within an infinitely rigid envelope, I do not think the rate of precession would be 
affected.” 

Elsewhere in the same paper Gen. Barnard speaks of “ the practical rigidity con- 
ferred by rotation.” Thus he has anticipated my correction of tho statements con- 
tained in my paper on the rigidity of the earth, so far as regards the effect of inte- 
rior fluidity on the processional motion of a perfectly rigid ellipsoidal shell filled 
with fluid. 

I regret to see that the other error of that paper which I corrected in my opening 
address had not been corrected by Gen. Barnard, and that the plausible reasoning 
which had led me to it had also >pemed to him convincing For rm sol f I can only 
say that I took the very earliest opportunity to correct the errors after I found them 
to be errors, and that I deeply regret any mischief they may have done in the mean 
time. 

Addendum. 

Solid and Liquid Gyrostats . — The solid gyrostat has been regularly shown for 
many years in the natural philosophy class of the University of Glasgow as a me- 
chanical illustration of the dynamics of rotating solids, and it has also been exhibi- 
ted in London and Edinbmvh at conversaziones of the Royal Societies and of the 
Society of Telegraph Engineers, but no account of it has yet been published. The 
following is a brief description of it. 

The solid gyrostat consists essentially of a massive Hy-wlieel, possessing great 
moment of inertia, pivoted on the two ends of its axis in hearings attached to an 
outer case which completely encloses it. Fig. 1 represents a section by a plane 
through the axis of the fly-wheel, and fig. 2 a section by a plane at right angles to 
the axis and cutting through the case just above the fly-wheel. The containing- 
case is fitted with a thin projecting edge in the plane of the fly-wheel, which is 
called the bearing-edge, its boundary forms a regular curvilinear polygon of six- 
teen sides with its centre at the centre of the fly-wheel. Each side of the polygon 
is a small arc of a circle of radius greater than the distance of the corners from the 
centre. The friction of the fly-wheel would, if the bearing-edge were circular, 
cause the case to roll along it like a hoop; and it is to prevent this effect that the 
curved polygonal form described above and represented in the drawing is given to 
the h .v d-C. 

To spin tne solid gyrostat a piece of stout cord about forty feet long and a place 
where a clear run of about GO feet can be obtained are convenient. The gyrostat 
having been placed with the axis of its fly-wheel vertical, the cord is passed in 
through an aperture in the case two and a half times round tho bobbin-shaped 
part of the shaft and out again at an aperture on the opposite side. Having taken 






TRANSACTIONS OF THE SECTIONS. 


35 


care that the slack cord is placed clear of all obstacles, and that it is free from kinks, 
the operator holds the gyrostat steady, so that its case is prevented from turning, 
while an assistant pulls the cord through by running, at a gradually increasing pace, 
away from the instrument, while holding the end of the cord in his hand. Suffi- 
cient tension is applied to the entering cord to prevent it from slipping round on 
the shaft. In this way a very great angular velocity is communicated to the fly- 
wheel, sufficient, indeed, to keep it spinning for upwards of twenty minutes. 

If, when the gyrostat has been spun, it be set on its bearing-edge with the centre 
of gravity exactly over the bearing point, on a smooth horizontal plane such as a 
piece of phii'-ehi^ lying on a table, it will continue apparently stationary and in 
stable equilibrium. If while it is in this position a couple round a horizontal axis 
in the plane of the fly-wheel be applied to the wheel, no deflection of this plane 
from the vertical is produced, but it rotates slowly round a vertical axis. If a 
heavy blow with the fist be given to the side of the case, it is met by what seems 
to the senses the resistance of a very stiff elastic body, and, for a few seconds after 
the blow, the gyrostat is in a state of violent tremor, which, however, subsides 
rapidly. As the rotational velocity gradually diminishes, the rapidity of the tremors 
produced by the blow also diminishes. It is very curious to notice the tottering 
condition, and slow, seemingly palsied tremulousness of the gyrostat when the fly- 
wheel has nearly ceased to spin. 

In the liquid gyrostat the fly-wheel is replaced by an oblate spheroid, made of 
thin sheet-copper and filled with water. The ellipticity of this shell in the in- 
strument exhibited is -A — that is to say, the equatorial diameter exceeds the polar 
by that fraction of either. It is pivoted on the two ends of its polar axis in bear- 
ings fixed in a circular ring of brass surrounding the spheroid. This circle of brass 
is rigidly connected with the curved polygonal bearing-edge which lies in the 
equatorial plane of the instrument, thus forming a framework for the support of 
the spheroidal shell. In fig. 3 a section is represented through the polar axis to 
show the ellipticity, and fig. 4 gives a view of the gyrostat as seen from a point in 
the prolongation of the axis. To prevent accident to the shell, when the gyrostat 
falls down at the end of its spin, cage-bars are fitted round it in such a way that no 
plane cau touch the shell. 

The method of '■ _r the liquid gyrostat is similar to that described for the 
solid gyrostat, ditlenng only in the use of a very much longer cord and of a large 
wheel for the purpose of pulling it. The cord is first wound on a bobbin free to 
rotate round a fixed pin. The end of it is then passed two and a half times round 
a little pulley, and thence to a point in the circumference of a large wheel to 
which it is fixed. An assistant then turns the wheel with gradually increasing 
velocity, while the frame of the gyrostat is firmly held, and the requisite tension 
applied to the entering cord to prevent it from slipping round the pulley. 


Secular Illustration of the Laws of the Diffusion of Liquids . 
By Sir W. Thomson, D.C.L. } F.B.S. 


On a new case of Instability of Steady Motion . 
By Sir W. Thomson, D.C.L ., F.B.S. 


On the Nutation of a Solid Shell containing Liquid . 
By Sir W. Thomson, D.C.L . , F.B.S. 
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Light and Heat. 

Photometric Measurements of the Magneto-electric Light. 
By Captain Abney, F.B.8. 


Determination of the Conductivity of Heat by Water . By J. T. Bottomley. 


On the Testings of Large Objectives. 

By Howard Grubb, Master of Engineering , Trinity College , Dublin. 

In the testing of large objectives, when the corrections have been made to be very 
nearly perfect, a difficulty is sometimes felt in determining what, if any, corrections 
remain desirable, and also of determining in a simple way the amount of the desired 
alteration. 

For the chromatic aberration one plan often pursued bv the optician is to slightly 
overcorrect the objective in the first instance, and then to separate the crown and 
flint (thus reducing the correction) until the best result is attained, when the 
amount of separation required becomes by a simple calculation a measure of the 
necessary alteration in the curves. 

This is an extremely useful practical arrangement ; but unfortunate^ it is appli- 
cable to only one of the four possible errors, besides being troublesome and some- 
what dangerous in the case of large objectives. 

The desirability of some simple plan of introducing, pro tempore , a small -f or 
— effect of chromatic or spherical aberration, and of being able to accurately esti- 
mate the quantity of such, has been very apparent to me on several occasions; for 
I have frequently found the best judges of such matters differ in their estimate of 
final correction, and unable to agree thereon; and I ha\e also often found a diffi- 
culty in satisfying myself that the best balance of corrections had been attained ; 
whereas if it were possible to introduce a small amount, pro tempore , of -f- or — 
correction, I could at once have perceived when I had overshot the mark. In 
fact the perfection of any correction in an objective means the best balance be- 
tween two opposing aberrations , and (just as in all cases of ascertaining balances) 
it is difficult to determine the neutral point unless there be the power of trying on 
both sides. 

To effect this, in preparing for the trial of the great objective for the now Obser- 
vatory at Vienna (oi *27 inches aperture), I am constructing four lenses or combina- 
tion of lenses capable of being mounted between the objecth e and ocular, and with 
a considerable range of motion in the axis of the telescope : - 

A. While it effects no other correction introduces a small amount of -f 

cliromatic abeiTation, 

B. Similarly introduces a small amount of — chromatic abei ration. 

C. „ „ -F spherical aberration. 

I). „ „ — spherical aberration. 

The amount of any aberration introduced can be regulated by the position of tho 
correcting lens in the pencil of ra}s. 

Now, knowing the construction of these combinations and their position in tho 
pencil of rays from objective to ocular, the con espomling correction in tho objective 
is an easily calculable quantity. Quite apart from the use to tho optician I believe 
the comfort of these appliances will be much appreciated by thoMi appointed ns 
judges, particularly where, as in the case of the Vienna telescope, the testing of the 
objective forms part of the work of a Committee composed of a considerable number 
of Members. 

I have already experimented in this direction sufficiently to convince myself of 
the great value of this system so far as the correction for chromatic aberration is 
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concerned ; but I have not as yet experimented on the spherical aberration, nor am 
I so sanguine of its success. 

There seems another direction in which a possible advantage might be gained 
by use of these correcting combinations, viz. in the case of minute stars whose 
light is made up for a great part of rays from either end of the spectrum, more 
particularly the blue end. It seems highly probable that better definition of these 
stars could be obtained if a slight temporary adj ustment could be made in the 
chromatic correction suitable for that particular part of the spectrum from which 
the predominant light of the stars proceeds. 

Of course it is to be understood that the corrections here spoken of and proposed 
to be dealt with by their correcting lenses are only the very final ones — in fact, when 
the objective arrives at that degree of perfection in which it is almost impossible 
to say whether any improvement can be effected or not. 


On Be cent Improvements in Equatorial Telescopes. 

By Howard Grubb, Master of Engineering , Trinity College, Dublin . 

The author referred to former papers read by him at the Brighton and Belfast 
Meetings of the Association on the same subject, and proceeded to describe — 

1st. A method of conveniently reading the It. A. circle from the eye-end of the 
telescope. 

2nd. A new simple but effective arrangement for slow motion in It. A. 

8rd. A new and very much improved form of clamping arrangement for both 
polar and declination axes. 

4th. And a new method of controlling the uniform motion driving-dock of the 
telescopes from an ordinary sidereal clock by an electric current transmitted once a 
second from the sidereal clock ; by which arrangement the driving-clock can he 
kept going continuously without the possibility of accumulation of errors beyond a 
small fraction of a second. 


On a Method of Photographing the Defects in Optical Glass arising from want 
of Homogeneity . By Howard Grubb, Master of Engineering , Trinity 
College , Dublin. 

The best practical method used for detecting in disks of optical glass defects 
arising from want of homogeneity is probably well known to many amateurs as well 
as to professional opticians. 

The disk of glass to be examined should be either itself polished to a convex form, 
or, if that be not eomenient, it should be placed in juxtaposition with a piece of 
glass which is known to be perfect and of such form as will render the combination 
of the two of convex power. A small light (say gas- or candle-flame, or any suf- 
ficiently brilliant light with a small diaphragm in front, see fig. 1) is placed at some 


Fig- 1 * 



little distance, and the eye is placed in the conjugate focus formed by the lens of 
this light. Tho disk of glass should then appear brilliantly illuminated ; but if 
the pupil of the eye is drawn slightly to one side, so that the pencil of light falls 
upon only ono half of the pupil, immediately and most distinctly almost any want 
or homogeneity is easily seen. 
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1 say u almost any want of homogeneity/’ because, with one exception, I believe 
any kind can be detected ; but I have met, very rarely, instances of one peculiar 
class of this defect which it is not possible to dotect till the disk is actually worked 
into on objective : this happens when a slight gradual change of density occurs be* 
tween two portions of the aisk with no abrupt line of separation between. 

Now this process, though a very simple one to a practised eye, is by no means so 
to an uneducated one ; and I have often desired a method by which I could graphi- 
cally represent those faults so that I might be able to communicate to others my 
ideas as to their exact forms and appearance, position in the disk, and so forth, and 
also to form a record of them. This, by a very simple contrivance, I have succeeded 
in doing, and I am now able to photograph these defects in optical glass with per- 
fect certainty. 

A glance at the diagram will suffice to show the principle by which this is 
effected. 

Fig. 2. 



The eye in the first instance (that of eye observation, fig. 1) is replaced in the 
second case (fig. 2) bv a photo-camera ; and, with a little care in adjusting the 
image of diaphragm illuminated by a lamp on the diaphragm of photo-lens, very- 
excellent photographs can bo obtained. In fact the stop of the lens replaces the pupil 
of the eye, the photo-lens the crystalline lens, and the sensitized plate the retina. 

The defects arising from want of homogeneity in optical glass may be divided 
into three classes : — 

1. Threads, or fine seams of some different quality of glass passing through the 
otherwise homogeneous disk, sometimes insignificant, sometimes long, but very 
rarely of any width. These are of but little importance. 

2. Veins, or syrupy bands. These are portions of glass of differing and various 
densities not properly amalgamated together. Their appearance is that produced 
by adding a strong syrup solution to water. The forms oi these veins are sometimes 
veiy fantastic. 

This form of defect is very detrimental to the proper performances of the glass. 

3rd. Sometimes, but very rarely (only four times in my experience), have I met 
with disks of glass having a density slightly dilierent in different parts, without any 
well-defined line of demarcation between the different parts. This is most destruc- 
tive to its performance as an objective, and a most dangerous fault ; for whereas in 
the two former cases the defects can be easily detected and even photographed, this 
third defect defies detection until the disks be formed into an objective. 

It is fortunate for opticians that this last defect is of such rare occurrence. 

The extreme usefulness of this simple device for photographing the defects in 
optical glass is self-evident. 

In the first place, faults can be detected by those whose eyes have not been suf- 
ficiently educated to perceive them by the old method ; a record can be made of 
any remarkable defects ; their appearance and form can be graphically repre- 
sented and described ; and, lastly, it can be ascertained by this process whether the 
veins are closer to one or other surfaces and are capable of being removed by grind- 
ing, a point which is very difficult indeed to ascertain otherwise. This last infor- 
mation is obtained by photographing the faults and then grinding off a small quan- 
tity, and rephotographing and comparing the photographs to see if any parts have 
disappeared. Many other useful purposes seem to be too self-evident to require 
mentioning. 
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On the Decrease of Temperature with Height on the Earth's Surface, 

By Professor Hennessy, F.ll.S. 

If the air were perfectly still, the temperature at any point in the atmosphere 
would depend on its density, the heat absorbed from the solar rays, the heat ob- 
tained by convection from the earth, and the losses of heat by radiation. 

Of these the first has been almost exclusively considered. This is especially so 
in all investigations for the ascertainment of heights by the barometer. The exclu- 
sion of the other causes of variation of temperature with height may be admissible 
in considering the condition of a vertical column of air resting on a horizontal plane ; 
but the problem assumes a very different character when the decrease of tempera- 
ture with height along a very gradually sloping surface is considered. Such a 
surface is constantly communicating its temperature by convection currents to the 
overlying air, and the temperature of this air will depend on the extent, form, and 
physical properties of the underlying surface. If we suppose a flat plain on the 
level of the sea, an observer in a balloon at a height of 1000 feet would find the 
temperature almost unaffected by convection and dependent upon density. If, now, 
a steep mountain is superimposed on the plain and reaching to the observer, the 
conditions become altered. If a mountain of a gradual slope be superimposed, the 
alteration will be still greater ; and if the entire plain were elevated up to 1000 
feet so as to form an extensive tableland, the change of conditions would be very 
remarkable. 

It follows that the law of variation of temperature with height above the level 
of the sea cannot bo considered as uniform. The decrease is most rapid in going 
up through a vertical column of air, as in balloon ascents. It is slower along 
mountain sides, and slowest along gradually sloping plains or tablelands. 

From an examination of the records of many observations, it appears that the 
decrease of temperature in balloon ascents is nearly one degree Fahrenheit for 800 
feet, while for tablelands it is so slow as from 500 to 800 feet for one degree. 

The author referred to a number of observations made in different countries con- 
firming the general conclusions to which he has been led. 


On the Distribution of Temperature over the British Islands. 

By Professor Hennessy, F.ll.S. 

The author referred to his former researches on the distribution of temperature 
over islands surrounded by heat-bearing currents and his demonstration that many 
of the isothermal lines in such islands must necessarily be closed curves*. He had 
originally illustrated his conclusions by the results of observations taken in the 
British Islands, and the isothermal lines laid down from such observations were 
found to be in perfect harmony with the law he had proved. In order to render 
this manifest he tabulated together the temperature of each, stating its latitude, 
longitude, height above the sea, and horizontal distance from the nearest sea coast. 
The actual temperature of any place is affected by all of these elements. In laying 
down the isothermal lines the actual temperatures unaltered by any so-called cor- 
rection for height were always employed. The stations were . to 

temperature, and thus isothermal groups were immediately dis covered. Ii me more 
recent collection of temperature results for the British Isles compiled by Mr. Buchan 
in the Journal of the Scottish Meteorological Society be treated in this way and the 
arbitrary and erroneous addition of 1 J per every 300 feet in height be omitted, his 
results will conform to the law enunciated by the author, 

* See Brit. Assoc. Rep. 1857, pt. 2, p. 30; Atlantis, i. 1858, pp. 39G-413; Phil. Mag. 
xvi. 1858, p. 241 ; Royal Society Proc. ix. p. 324 ; “ On the Laws which regulate the 
Distribution of Isothermal Lines,” Atlantis, ii. p. 201 ; American Journal of Science, xxvii. 
p. 328. Copies of the temperature-maps are also partly reproduced in Report of Horti- 
cultural Congress at London in 18G6 ; Journal of the R. Dublin Society, vol.for 1870-71 
Report of the Commission qn Oyster Fisheries, 1871. 
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Sur les Usages da Revolver Ph otographique en Astronomic et en Biologic. 
By Dr. J. Janssen. 


Photographies da Passage de Venus i) Kobe. By Dr. J. Janssen. 


8 nr It Mirage en Mer. By Dr. J. Janssen. 


On Solar Photography , with reference to the History of the Solar Surface. 
By Dr. J. Janssen. 


On the Eclipse of the Sun observed at Siam in April 1870. 
By Dr. J. Janssen. 


On Rotation of the Plane of Polarization by Reflection from a Magnetic Pole. 

By John Kerr, LL.D., Mathematical Lecturer of the Free Church Training 

College , Glasgow *. 

In these experiments a beam of light is polarized by a first Nice], reflected regu- 
larly from the end of an electromagnetic core of soft iron, and analyzed by a second 
Nicol. The magnetic force is concentrated intensely upon the mirror by means of 
a massive wedge of soft iron, which is separated from it by a narrow chink. The 
light is incident upon the polar mirror at an angle of 00° to 80°; the plane of 
polarization coincides with the plane of incidence ; and the two Nicol s are exactly 
crossed, so that the reflected light is extinguished by the second Nicol. 

First Experiment. — When the iron mirror is intensely magnetized as N. pole or 
S. pole, the light is distinctly restored from pure extinction, to disappear at once 
when the circuit of the »: ■ - ■' »' ■ ■ rrent is broken. 

Second Experiment. — I 1 - ■ \ ■ is turned from its initial position through 

an extremely small angle — (1) to the right, (2) to the left (from the point of inci- 
dence on the iron mirror as point of view), so that the reflected light is restored 
very faintly through the second Nicol. When the mirror becomes an intense S. 
pole, the effects of rotations (1) and (2) are strengthened and weakened respectively; 
on the contrary, when the mirror becomes an intense N. pole, the effects of rota- 
tions (1) and (2) are weakened and strengthened respectively. 

In the two remaining experiments the optical effects of the preceding rotations 
(1) and (2) and of magnetizations 8. and N. of the mirror art* compensated sepa- 
rately. The compensator is a slip of plate-glass, held in a standard position between 
the mirror and the second Nicol and strained by tin* bands. The angle of incidence 
is about 75°. 

Third Experiment. — The first Nicol is turned from its initial position through an 
extremely small angle — (1) to the right, (2^) to the left, so that the ligdit is faintly 
restored from extinction by the second Nicol. The effects of displacement (I) 
and (2) are compensated, down to pure extinction, by tension and compression 
respectively. 

Fourth Experiment. — A repetition of the first, with addition of the compensator. 
Tho effects of magnetizations 8. and N. of the mirror are compensated, down to 
pure extinction, by tension and compression respectively. 

The case of perpendicular incidence was tried carefully, but ga\e no good effect, 
the arrangements being comparatively imperfect. From the facts observed, it fol- 
lows evidently that when a beam of plane polarized light is reflected from a mag- 
netic pole, the plane of polarization is turned in the process of reflexion — to the 
left by a south-seeking pole, to the right by a north-seeking pole ; so that in this 

* A full account of this investigation is given in the Phil. Mng., May 1877. 
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case of reflection from iron, as in most cases of transmission through salts of iron, 
the plane of polarization is turned in a direction contrary to that of the magne- 
tizing current. 


A Description of Sjpottiswoode’s Poclcet Polarizing Apparatus . By W. Ladd. 


On a Phenomenon of Metallic Reflection . By Professor G. G. Stokes, F.ll.S. 

The phenomenon which I am about to describe was observed by me many years 
ago, and may not improbably have been seen by others ; but as I have never seen 
any notice of it, and it is in some respects very remarkable, I think that a descrip- 
tion of it will not he unacceptable. 

^ When Newton’s rings are formed between a lens and a plate of metal, and arc 
viewed by light polarized perpendicularly to the plane of incidence, we know 
that, as the angle of incidence is increased, the rings, which are at first dark- 
centred, disappear on passing the polarizing angle of the glass, and then reappear 
white-centred, in which state they remain up to a grazing incidence, when they can 
no longer be followed. At a high incidence the first dark ring is much the most 
conspicuous of the series. 

To follow the rings beyond the limit of total internal reflection we must employ 
a prism. When the rings formed between glass and glass are viewed in this way, 
we know that as the angle of incidence is increased the rings one by one open out, 
uniting with bands of the same respective orders which are seen beneath the limit 
of total internal reflection ; the limit or boundary between total and partial reflection 
passes down beneath the point of contact, and the central dark spot is left isolated 
m a bright field. 

Now when the rings are formed between a prism with a slightly convex base 
and a plate of silver, and the angle of incidence is increased so as to pass the cri- 
tical angle, if common light be used, in lieu of a simple spot we have a ring, which 
becomes more conspicuous at a certain angle of incidence well beyond the critical 
angle, after which it rapidly contracts and passes into a spot. 

As thus viewed the ring is, however, somewhat confused. To study the pheno- 
menon in its purity we must employ polarized light, or, which is more convenient, 
analyze the reflected light by means of a Nicol’s prism. 

When viewed by light polarized in the plane of incidence, the rings show nothing 
remarkable. They are naturally weaker than with glass, as the interfering streams 
are so unequal in intensity. They are black-centred throughout, and, as with glass, 
they open out one after another on approaching the limit of total reflection and 
disappear, leaving the central spot isolated in the bright field beyond the limit. 
The spot appears to be notably smaller than with glass under like conditions. 

With light polarized perpendicularly to the plane of incidence, the rings pass 
from dark-centred to bright-centred on passing the polarizing angle of the glass, 
and open out as they approach the limit of total reflection. The last dark ring to 
disappear is not, however, the first, but the second. The first, corresponding in 
order to the first bright ring within the polarizing angle of the glass, remains iso- 
lated in the bright field, enclosing a relatively, though not absolutely, bright spot. 
At the centre of the spot the glass and metal are in optical contact, and the reflection 
takes place accordingly and is not total. The dark ring, too, is not absolutely 
black. As the angle of internal incidence increases by a few degrees, the dark ring 
undergoes a rapid and remarkable change. Its intensity increases till (in the case 
of silver) the ring becomes sensibly black ; then it rapidly contracts, squeezing out, 
as it were, the bright central spot, and forming itself a dark spot, larger than with 
glass, isolated in the bright field. When at its best it is distinctly seen to bo 
fringed with colour, blue outside, red inside (especially the former), showing that 
the scale of the ring depends on the wave-length, being greater for the less refran- 
gible colours. This rapid alteration taking place well beyond the critical angle is 
very remarkable. Clearly there is a rapid change in the reflective properties of the 
metal, which takes placebo to speak, in passing through a certain angle determined 
by a sine greater than unity, 
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I have described the phenomenon with silver, which shows it best ; but speculum- 
metal, gold, and copper show it very well, while with steel it is far less conspicuous. 
When the coloured metals £old and copper are examined by the light of a pure 
spectrum, the ring is seen to De better formed in the less than in the more refran- 
gible colours, being more intense when at its best ; while with silver and speculum- 
metal there is little difference, except as to size, in the different colours. Hromatite 
and iron pyrites, which approach the metals in opacity and in the change of phase 
uY.“:r' «;■ ■ "V ’ polarized parallel relatively to light polarized 

i» i \ ■ ■ : -i- ■ ■ . ce, do not exactly form a ring isolated in a 

bright field ; but the spot seen with light polarized perpendicularly to the plane of 
incidence is abnormally broad just about the limit of total reflection, and rapidly 
contracts on increasing the angle of incidence. 

It seemed to me that a sequence may be traced from tho rapidly contracting 
rings of diamond seen in passing the polarizing angle of that substance, through the 
abnormally broad and rapidly contracting spot seen with iron pyrites just about 
the limit of total reflection, and the somewhat inconspicuous ring of steel seen a 
little bevond the limit, to the intense rapidly coiiiractinjr ring of silver seen consi- 
derably beyond the limit. If so, the full theory of the ring will not he contained 
in the usually accepted formula? for metallic reflection, modified, as in the case of 
transparent substances, in accordance with the circumstance that the incidence on 
the first surface of the plate of air is beyond that of total reflection. 

MacOullagh was the tirst to obtain the formula? for metallic reflection, showing 
that they were to he deduced from Fresnel’s formula? bv making the refractive 
index a mixed imaginary, though they are usually attributed to Cauchy, who 
has given formula? differing from those of MacCultagh merely in 1 ■ detail. 
As regards theory, Cauchy made an important advance on what 'I • . .. had 
done in connecting the peculiar optical properties of metals with their intense ab- 
sorbing power*. Xow Fresnel's formula? do not include the phenomena discou»red 
by Sir George Airy, which are seen in passing the polarizing angle of diamond, 
and which have been more recently extended by M. Jaiuin to the generality of 
transparent substances ; and if these* pass by regular sequence to those I have de- 
scribed as seen with metals beyond the limit of total internal reflection, it follows 
that the latter would not be completely embraced in the application of Fresnel’s 
formulae, modified to suit an intensely absorbing substance and an angle of inci- 
dence given by a sine greater than unity f. 


Electric tty. 

On the Contact Theory of Voltaic Action . By Professors Ayrton and Perry. 


On a new Form of Electrometer. By Prof. J. Dewar, F.R.S.E. 

On a Mechanical Illustration of Electric Induction and Conduction . 

By Oliver J. Lodge, B.Sc. 

The paper describes the construction of a model which illustrates Prof. Clerk 
Maxwell’s theory of electric action on the h\ po thesis of stress in a dielectric me- 

* The apparent difference between MacOullagh and Cauchy as to the values of the 
refractive indices of metals is merely a quest ion of arbitrary nomenclature. 

t It was long ago observed, both by Professor MacCullagh and Dr. Lloyd, that when 
Newton’s rings are formed between a glass lens and u metallic plate, the first dark ring sur- 
rounding tho central spot, which is comparatively bright, remains constantly of tho same 
size at high incidences, although the other rings, like Newton’s rings formed between two 
glass lenses, dilate greatly as the incidence becomes more oblique. {See ‘ Proceedings of tho 
Royal Irish Academy,’ \ol. i. p 6. 
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dium, and which consists essentially of an endless cord passing with friction 
through buttons supported on elastic strings. By altering the relation between the 
friction and the elasticity of different parts, it can be made to exhibit very com- 
pletely the phenomena observed when an electromotive force is made to act: — (1) 
between the ends of a metal wire ; (2) through an electrolytic liquid, when it 
illustrates the convection of electricity by the cathion and the polarization of the 
electrode ; (3) in an accumulator with perfectly insulating dielectric, when it shows 
the polarization of the dielectric, the displacement of electricity in the direction of 
the force, the tension along the lines ot force, occasional possible disruptive dis- 
charge, and consequent possible internal charge ; (4) across a dielectric which is 
homogeneous, but has a slight conducting powe’ . * in this case a continuous 

ordinary conduction-current, in addition to the ' ■ of electric displacement ; 

(5) across a noil-homogeneous or stratified dielectric, in which a u residual charge ” 
is possible. If made of proper materials, the model would exhibit this residual 
charge quantitatively as well as qualitatively ; and, in fact, the investigation “ On 
the Theory of a Composite Dielectric” (in arts. 328-330 of Maxwell’s ‘ Electricity’) 
would apply to it with little modification. It further illustrates incidentally the 
action oi a voltaic cell and of a submarine cable. 


On a Mechanical Ilia station of Thermoelectric Phenomena. 

By Oliver J. Lodue, B.Sc. 

The model which illustrates metallic conduction in the preceding communica- 
tion is supposed to be modified, so that all the buttons execute very rapid isochro- 
nous simple harmonic motions, sliding to and fro on the cord. The rate of cooling 
of a body placed iu an enclosure at absolute zero is then seen to bo proportional to 
the absolute temperature of the body, and to depend on its specific electrical resist- 
ance. The electric condition of tourmaline is explained by an hypothesis as to the 
nature of its internal structure ; and the amount of heat generated by an electric 
current passing through a metallic conductor is deduced in accordance with Joule’s 
law. An hypothesis is then started as to the mature of the internal actions at a 
junction either of two different metals at the same temperature or of two parts of 
the same metal at different temperatures • and, on the strength of this hypothesis, 
electromotive force produced by contact, the Eeltier effect, and Thomson’s electric 
convection of heat are all illustrated. The exact laws which have been experi- 
mentally established for these effects may possibly be deducible from consideiatious 
founded on the model ; but this has not )et been properly done*. 


On the Protection of Build inr/s from Lightning . 

By Professor J. Clerk Maxwell, FJt.S. 

Most of those who June given directions for the construction of lightning- 
conductors have paid great attention to the upper and lower extremities of the 
conductor. They recommend Hint the upper extremity of the conductor should 
extend somewhat aboNe the highest part of the building to be protected, and that 
it should terminate in a sharp point, and that the lower extremity should he car- 
ried as far as possible into the conducting strata of the ground, so as to “ make” 
what telegraph engineers call “a good earth.” 

The electrical effect of such an arrangement is to tap, as it were, the gathering 
charge, by facilitating a quiet discharge between the atmospheric accumulation and 
the earth. The erection of the conductor will cause a somewhat greater number 
of discharges to occur at the place than would have occurred if it had not been 
erected, but each of these discharges will be smaller than those which would have 
occurred without the conductor. It is probable, also, that fewer discharges will 
occur in the region surrounding the conductor. It appears to me that these arrange- 
ments are calculated rather for the beuelit of the surrounding country, and for tho 

* These two paperB arc published, with some additions, in the Phil. Mag. ser. 5, vol. ii. 
pp. 363 and 524. 
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relief of clouds labouring under an accumulation of electricity, tlian for tbe pro- 
tection of the building on which the conductor is erected. 

"What we really wish is to prevent the possibility of an electric discharge taking 
place within a certain region, say, the inside of a gunpowder manufactory. 

If this is clearly laid down as our object, the method of securing it is equally 
clear. 

An electric discharge cannot occur between two bodies unless the difference of 
their potentials is sufficiently great compared with the distance between them. If, 
therefore, we can keep the potentials of all bodies within a certain region equal or 
nearly equal, no discharge will take place between them. We may secure this by 
connecting all these bodies by means of good conductors, such as copper- wire ropes ; 
but it is not necessary to do so ; for it may be shown by experiment that if every 
part of the surface surrounding a certain region is at the same potential, every 
point within that region must & at the same potential, provided no charged body 
is placed within the region. 

It would therefore be sufficient to surround our powder-mill with a conducting 
material (to sheathe its roof, walls, and ground-floor with thick sheet-copper), and 
then no electrical effect could occur within it on account of any thunaer-storm 
outside. 

There would be no need of any earth-connexion. We might even place a layer 
of asphalt between the copper floor and the ground, so as to insulate the building. 
If the mill were then struck with lightning, it would remain charged for some 
time, and a person standing on the ground outside and touching the wall might 
receive a shock ; but no electrical effect would be perceived inside, even on the most 
delicate electrometer. The potential of every thing inside, with respect to the earth, 
would be suddenly raised or lowered, as the case might be ; but electric potential 
is not a physical condition, but only a mathematical conception, so that no physical 
effect could be perceived. 

It is therefore not necessary to connect large masses of metal, such as engines, 
tanks, &c., to the walls, if they are entirely within the building. 

If, however, any conductor, such as a telegraph-wire or a metallic supply-pipe for 
water or gas, comes into the building from without, the potential of this conductor 
may be different from that of the building, unless it is connected with the conducting 
shell of the building. Hence the water or gas supply-pipes, if any enter the building, 
must be connected to the system of lightning-conductors ; and since to connect a 
telegraph-wire with the conductor would rc 1 r :■■!■ . •*.? ; h iseless, no telegraph 
from without should be allowed to enter a y ■■ \ !. there may bo elec- 

tric bells and other telegraphic apparatus entirely within the building. 

I have supposed the powder-mill to be entirely sheathed in thick sheet-copper. 
This, however, is by no means necessary in order to prevent any sensible electric 
effect taking place within it, supposing it struck by V '■ It is quite sufficient 
to enclose the building with a network of a gooa . ■ substance. Tor in- 

stance, if a copper wire, say No. 4, 15. W.G. (0 2.‘18 inch in diameter), were carried 
round the foundation of a house, up each of the corners and gables, and along the 
ridges, this would probably be a sufficient protection for an ordinary building 
against any thunder-storm in this climate. The copper wire may be built into the 
wall to prevent theft, but it should be connected to any outside metal, such as 
lead or zinc on the roof, and to metal rain-water pipes. 

In the case of a powder-mill, it might be advisable to make the network closer 
by carrying one or two additional wires over the roof and down the walls to the wire 
at the foundation. If there are water- or gas-pipes which enter the building from 
without, these must be connected with the system of conducting-wires ; but if there 
are no such metallic connexions with distant points, it is not necessary to take any 
pains to facilitate the escape of the electricity into the earth. 

It is desirable, however, to provide for the safety not only of the building itself, 
but of the system of conductors which protects it. The only parts of this system 
which are in any danger are the points where the electricity enters and leaves it. 
If, therefore, the system terminates above in a tall rod with a sharp point, and 
downwards in an u earth wire,” the external discharge will be almost certain to 
occur at the ends of these electrodes, and the only possible damage will be the loss 
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of a few particles from their extremities ; but even if the rod and wire were de- 
stroyed altogether, the building would still be safe. 


On Compass Correction in Iron Ships . By Sir W. Thomson, D.C.L., F.K.S, 


Effects of Stress on the Magnetization of Iron, 
By Sir W. Thomson, D.C.L., F.B.S, 


On Contact Electricity . By Sir W. Thomson, D.C.L . , F.B.S. 


Acoustics. 

On the Conditions of the Transformation of Feudal am- Vibrations ; with an 

experimental illustration . By It. H. 31. Bosanquet, Fellow of St, Johns 

College , Oxford, 

Under certain circumstances, a pendulum-vibration of given period can give rise 
to impulses which support vibrations whose periods are 2> h h • • • ■ . . of the period 
of the original vibration. The conditions under which this takes place are of 
interest. 

Wheatstone enunciated the following as an experimental law : — A periodic im- 
pulse can sustain vibrations whose frequencies are multiples of that of the impulse. 

This was supported by an experiment in which the harmonics of a Jew’s harp 
are obtained from it by an adjustable resonator. But a general law cannot be 
proved by a particular experiment. 

Au experiment was adduced in contradiction of the generality of the above law. 
It can be shown that the stopped pipes of the organ are incapable of supporting the 
vibration of resonators tuned to their octave and double octave, while open pipes 
are capable of doing so. 

As tlio result of mechanical theory, the law may be enunciated that no pendulum- 
vibration can be maintained in a i il-" : -»_r system, unless the acting forces contain 
impulses of the same period as the \ .hi if-i maintained. 

The experiments commonly shown, in which a simple pendulum-vibration is 
made to support its harmonics, generally depend on a transformation of the vibra- 
tion in the transmission of the impulse. Tlie apparatus exhibited forms a type of 
the general process of transformation by transmission. 

A metronome ubrating seconds furnishes the fundamental vibration: a number 
of small pendulums \ibrate 2, 3, 4, 5, 0, 7, and 8 times in a second. By making 
connexions between the metronome and the pendulums with elastic cord in diffe- 
rent wavs, the different kinds of transmission (with and without transformation) 
can be illustrated. 

When the cord is tight, the impulses aro transmitted without transformation ; 
when the cord goes slack during the vibration, the impulses are transformed into a 
series of pulls. In the first case the small pendulums are not affected ; in the second 
they aro generally set in \ ibration. 

The following points are illustrated by tbo experiment with the partly slack cord, 
where the impulses constitute a series of pulls : — 

The common exposition of the theory of musical sounds, in which the impulses 
are compared to the blows of a hammer, really makes a very complex effect the 
basis of operations. The notes thus constructed differ from simple musical tones in 
having the power of supporting the vibrations of their harmonics. 

The cases of the notes of the siren and the harmonium, in which the sound is 
produced by a series of jets of air, are illustrated by the same experiment. 

An experiment of Prof. Mayer’s, for the analysis of the sound of a reed pipe, by 
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attaching a vibrating portion of it to tuning-forks, was discussed. It was shown 
that the mode of transmission is such as to lead to transformation, whereby the 
analysis is vitiated. 

Mr. J. Baillie Hamilton’s experiment, in which an harmonium-reed is made to 
support the \ibrations of a w : iv - mudiiiir its harmonics without actual attachment, 
was show'll to be a case of imi.-du'-natiun. 

The production of harmonics by resonance from the Jew’s harp or harmonium- 
reeds without w ind w r as discussed ; and it was shown that they may be regarded 
as giving ri.se to discontinuous impulses at the moment when they close the open- 
ings in wdiich they fit. 

It w r as then shown how a series of discontinuous impulses may be expressed 
mathematically ; and from the fact that the expressions im olve pendulum- vibrations 
corresponding to the harmonics, it was shown to follow that harmonic vibrations 
mav he excited by such a series of impulses. 

The nature of the modification the expressions require for application to the siren 
wras pointed out, and it was thus explained how the siren tone comes to involve 
harmonics of considerable intensity. 

We now come to the problem of transformation of simple-sound vibrations by 
transmission through air. 

An experiment was described in xvhicli a large tuning-fork wras presented to a 
series of resonators (or^mi-pipcf) tuned to its harmonics; t he result was that, with 
the fork alone, they weie audible up to the tierce inclush e (harmonic of fifth order), 
and with a dFk of wood fastened on to the prong they xvere audible up to the 
harmonic seventh inclusive'. 

A mathematical investigation of the transformation of simple vibrations in air 
was then carried out, and applied to the above experiment. It results that for the 
fifth harmonic of the fork, w hich was clearly heard, the flow of energy should be 
approximately 

P° un< k P er secon d. 

This seeming extraordinarily minute, an experiment wras made with a small tuning- 
foik of about tin* same pitch as the fifth harmonic above mentioned. The time of 
diminution of the amplitude to ^ was observed and tin* initial amplitude. From 
this the amplitude was calculated at the subsequent time when the sound just 
ceased to be audible. The flow of energy per second at this point was estimated 
approximately at 

- - \ , foot pounds, 

4xlO H 1 

which agrees pretty wrall with the above number deduced from theory. 

It was then pointed out that the intensity due to a gi\en flow of energy is diffe- 
rent in different parts of the scale. Helmholtz lias remarked this (p. 204 of Ellis’s 
Helmholtz); and, in a paper in the ‘Philosophical Magazine’ (Nov. 1872), the writer 
showed that, if we admit that in similar organ-pipes similar proportions of the 
energy of the wind supplied are converted info sound, the mechanical energy of 
notes of given intensity varies inversely as the vibration number, a law in accordance 
with the indications given bv Helmholtz. 

The theory was then applied to ascertain the extent of the development of har- 
monics in a tubular resonator tuned to the fundamental. Such development turns 
out to be very considerable. In consequence of this w e cannot generally assume 
that the notes produced bv resonators aie simple tones. The bearing of this on a 
recent important paper of Koenig’s was alluded to. 


True Intonation , illustrated by the Voice- Harmonium with Natural Finger- 
board. By Colin Brown. 

A series of harmonics forms an arithmetical progression, the number of the 
yibrati' r>s between ftny consecutive members of the series being equal. The vibra- 
tions rapidly increase in velocity in the higher harmonics, while the musical inter- 
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vals ns rapidly decrease : the same number of vibrations which between the 1st and 
2nd steps of the harmonic series produce an octave, between 2nd and 3rd step a 
fifth, between the 4th and 5th steps a major third, between the 15th and 10th steps 
produce only a diatonic semitone, and so onwards beyond the range of musical 
computation. 

In contrast with this harmonic series of sounds, which is simple, arithmetical, 
and perfectly regular, we have the series of the musical scale, which is compound, 
gcniiicliic.il. and so irregular that two tones or steps of equal vibrations cannot 
musically succeed each other. Of the 48 sounds in the harmonic series, 22 are 
coincident with the musical series, and 20 are not coincident. 

Of these 22 coincidences, the root, or lowest sound of the harmonic series, 
occurs as — 


The 4th sound of the musical scale 
The 1st sound, or Tonic, occurs . . 
Tiie 0th „ of the scale „ ... 

Tl>e Otli „ „ „ 

The 3rd „ „ „ .. .. 

The 2nd „ „ „ 

The 7th ,, ,, ,, 


0 times. 
6 „ 

4 „ 

3 „ 


2 

1 

1 


V 

V 

V 


In all 22 „ 

Of these 22 coincidences between the harmonic series and the musical series, the 
last are the numbers 24, 27, 30, 32, 30, 40, 45, and 48, which form the relations of 
the musical scale. 

This full harmonic series can only be built upon Fa, or the 4th of the musical 
scale, as its root ; and the first power of Fa, 10§ (as it appears in the lowest series 
of the musical scale 8, 9, 10, 10§, 12, 1 3j, 15, 10), is the common multiplier and 
divisor of the vibrations of all the sounds of the musical scale. Thus in the octave 
from tenor C upwards the vibrations are : — 

CDEFGABC 
250, 288, 320, 341 j, 384, 420§, 480, 512. 

These, divided by the first power of Fa, or the 4th of the musical scale (say lOf), 
give 24, 27, 30, 32, 30, 40, 45, 48, being the figures of the musical scale with 
which the harmonic series closes. 

In this harmonic series the 8th, 9th, and 10th tones or steps following in diatonic 
succession are the 1st, 2nd, and 3rd tones of the musical scale, and the 15th and 10th 
are the 7th and 8th of the musical scale. 

These figures gi\o us the first or lowest relations of the musical scale, 8:9, 9:10, 
and 15 : 10 • — 

The large step or tone of 8 : 9 occurs 3 times. 

The loss „ „ 9:10 „ 2 „ 

The small „ ,, 15:10 „ 2 ,, 


Within the octave, in all 7 steps or tones. 

These relations of the tones or steps of the scale are always the same in every key. 
C, =512 vibrations, is common to the keys of JJ( 7 , F, C, and (1 ; and the 7th or 
diatonic semitone below, =480 vibrations, is common to the keys of (1, G, and D ; 
so with every musical tone. Etch of these is represented by a digital upon the 
natural finger-board of the author’s voice-harmonium. 

For distinction the digitals representing tones common to 4 keys are white, those to 
3 keys are coloured; the 1st, 2nd, 4th, and 5th tones of the scale in every key are 
white, and the 3rd, (ith, aud 7th are coloured. 

In every key, looking along the fingerboard, the progression of the scale is the 
same : — 8 : 9, 9 : 10, 15 : 10, 8 : 9, 9 : 10, 8 : 9, 15 : 10. From white digital to 
white, or from coloured to coloured, there is always the lar^e step or tone of the 
scale 8:9; from white to coloured always the less tone of the scale 9: 10; and 
from coloured to white always the small step or tone 15 : 10, the diatonic semitone. 
Looking across the finger-board at the digitals endwise, from the end of each white 
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digital to the end of the coloured immediately above it in direct line there is 
always the chromatic semitone of 128 : 135, and from the end of each coloured 
digital to the end of the white immediately above the comma of 80 : 81 always 
appears. 

Between each white or flat note, as E , and each coloured or sharp note, as I)#, 
at the distance of six removes looking across the diagram or finger-board, the schisma 
of the scale is always found, 32,768 : 32,805, 

The only other relation of the scale is represented by a round digital on the 
finger-board and by 7 minor on the diagram ; it is tunea as 15 : 16, to the 6th of 
the major scale, and supplies the sharpened 7th and 0th tones of the modern minor 
scale ; it also gives the imperfect chromatic semitone of 24 : 25 in relation to the 
5th of the major scale. 

This fingerboard is termed u natural ” because no extra digitals like the five black 
digitals of the ordinary keyboard are required to produce the chromatic tones. 
Every coloured digital is sharp in relation to the white below it ; and every white 
digital is flat in relation to the coloured above it, the relation being always 128 : 135. 

On this finger-board only 4 musical relations, viz. 8 : 9, 9 : 10, 15:6, and 128 : 135, 
are found, and 3 musical differences, viz. 24 : 25, 80 : 81, and 32,768 : 32,805. 

All the larger intervals of the scale are formed by adding 8:9, 9 : 10, and 15 : 16 
together, and all the smaller intervals are produced by subtracting or dividing 
these, thus : — 

8 : 9 less 15 : 16 = 128 : 135, the chromatic semitono ; 

9 : 10 „ 15 : 1G t= 24 : 25, the imperfect chromatic semitone ; 

8:9 „ 9:10 = 80:81, the comma; and 

8:9 „ 0 : 10 ss 128 : 135, which being 

squared and divided by 9 : 10, gives the schisma 32,768 : 32,805. Thus all the in- 
tervals and relations of the musical scale proceed from these three simple elements, 
8 : 0, 9 : 10, and 15 : 16. 

By adding a comma and a schisma together, the comma of Pythagoras is produced. 
This is always found between keys changed enharmonically, as from Cjj to B. 

The three series of digitals upon this finger-board, white, coloured, and round, are 
very easily timed by perfect fifths throughout, and connected together by major 
third*. The tuning is diagonal, producing every interval perfectly in its proper place. 

Tuned in this way, this instrument (within its range or compass) is mathemati- 
cally and musically perfect, without compromise or approximation of any kind, and 
requiring neither equations, decimals, nor logarithms to explain it. It is very easily 
played upon*. 


On a Practical Method of Tuning a Major Third . 
Jhj Sir W. T no ms ox, D.C.L., F.it.S. 


INSTRUMENTS, &C, 

On a Form of Gasholder giving a uniform Flow of Gas, By Prof. Barrett. 

Diagrams and Description of the new Lecture-Table for Physical Demonstration 
in the Royal College of Science for Ireland . By Prof. Barrett. 


Two new Forms of Apparatus for the Experimental Illustration of the Expan- 
sion of Solids by Ileat. By Prof. Barrett, 


* The principles of construction, tuning, &c. of the voice-hnrmonium will bo found 
fully explained in * Music in Common Things,' part H. Collins and Co. : London, Edin- 
burgh, and Glasgow. 



TRANSACTIONS OP THE SECTIONS. 49 

On a Modification of the Sprengd Pump, and a new Form of Vacuum-Tap. 
By C. H, Giminohah, 


On new Standards of Measure and Weight. By Prof, Hennjjssy, F.B.8. 


On a new Form of Thermometer for observing Earth Temperature . 
By G. J, Symons. 


On an Unmistakable True North Compass. By G. J. Symons. 

The author said that it wa9 not generally known, except to nautical and to 
scientific men, that the compasses usually sold did not point to the true North or 
South Pole of the earth. The magnetic Pole, to which all compass-needles pointed, 
was not identical with the geographical pole, which was the north point of 
maps. The variation of the needle was considerable, and was no douot often 
the cause of tourists losing their way. The difference between true and magnetic 
north was not the same in all parts of the United Kingdom, and a fortiori in all 
parts of the globe, nor was it absolutely the same from year to year. One of the 
advantages of these instruments was their pointing to the true north, the other 
was their " unmistakableness.” These compasses were corrected for use in the United 
Kingdom, but could be adapted to any specified locality in any part of the world. 


On a new Form of Astronomical Clock with Free Pendulum and Indepen- 
dently Governed Uniform Motion for Escapement-wlieel. By Sir W. 

Thomson, I). C.L., F.ll.S. 

The object of this communication was to explain to members of the Association 
and give them an opportunity of seeing in the authors house in the University a 
clock which had been described in a communication to the Royal Society, in 1869, 
entitled “On a New Astronomical Clock and a Pendulum Governor for Uniform 
Motion.” The following description is taken from the * Proceedings of the Royal 
Society ’ for 1869, except a few alterations and additions and the drawings, which 
have not been hitherto published : — 

It seems strange that the dead-beat escapement should still hold its place in the 
astronomical clock, when its geometrical transformation, the cylinder escapement 
of the same inventor, Graham, only survives in Geneva watches of the cheaper class. 
For better portable time-keepers it has been altered through the vicious rack-and- 
pinion movement into the superlatively good detached lever. If it is possible to 
make astronomical clocks go better than at present by merely giving them a better 
escapement, it is quite certain that one on the same principle as the detached lever, 
or as Earnshaw’s ship-chronometer escapement, would improve their time-keeping. 

But the irregularities hitherto tolerated in astronomical clocks may be due more 
to the faultiness of the steel and mercury compensation pendulum, with its loosely 
attached glass jar, and of the mode in which it is hung, and of the instability of 
the supporting clock-case or framework, than to imperfection of the escapement 
and the greatness of the arc of vibration which it requires ; therefore it would be 
wrong to expect confidently much improvement in the time-keeping merely from 
improvement of the escapement. I have therefore endeavoured to improve both 
the compensation for change of temperature in the pendulum, and the mode of its 
support, in a clock which I have recently made with an escapement on a new prin- 
ciple, in which the simplicity of the dead-beat escapement of Graham is retained, 
wnile its great defect, the stopping of the whole train of wheels by pressure of a 
tooth upon a surface moving with the pendulum, is remedied. 

Imagine the escapement-wheel of a common dead-beat clock to be mounted on a 
collar fitting easily upon a shaft, instead of being rigidly attached to it. Let friction 
be properly applied between the shaft and the collar, so that the wheel shall be 
carried round by the shaft unless resisted by a force exceeding some small definite 
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amount, and let a governor giving uniform motion be applied to the train of wheel- 
work connected with this shaft, and so adjusted that, wnen the escapement-wheel 
is unresisted, it will move faster by a small percentage than it must move to keep 
time properly. Now let the escapement-wheel, thus mounted and carried round, 
act upon the escapement, just as it does in the ordinary clock. It will keep the 
pendulum vibrating, and will, just as in the ordinary clock, be held back every 
time it touches the escapement during the interval required to set it right again 
from Inn ing gone too fast during the preceding interval of motion. But in the 
ordinary clock the interval of rest is considerable, generally greater than the inter- 
val of motion. In the new clock it is equal to a small fraction of the interval of 
motion — in the clock . - » ■ \\ ■.* ■’. * > ... but to be reduced probably to something 
much smaller yet. The sriq !■ a: p!:.r « ■■ to count the turns of this escapement- 
wheel (a worm, for instance, working upon a wheel with thirty teeth, carrying a 
hand round, which will correspond to the seconds hand of the clock) completes the 
instrument; for minute- and hour-hands are a superfluity in an astronomical clock. 

In various trials which I have made since the year 1805, when this plan of es- 
capement first occurred to me, I have used se\eral different forms, all answering to 
the preceding description, although differing widely in their geometrical and me- 
chanical characters. In all of them the escapement-wheel is reduced to a single 
tooth or arm, to diminish as much as possible the moment of inertia of the mass 
stopped by the pendulum. This arm revohes in the period of the pendulum (two 
seconds for a seconds pendulum), or some multiple of it. Thus the pendu- 
lum may execute many complete periods of vibration without being touched 
by the escapement. In all my trials the pallets have been attached to the bottom 
of the pendulum, projecting below it, in order that satisfactory action with a very 
small arc of vibration (not more on each side than i( j 0 of the radium, or 1 centi- 
metre for the seconds pendulum) may be secured. 

In the clock in my house the seconds pendulum of the fine movement vibratos with 
great constancy through half a millimetre, that is to say, through an arc of of the 
radian on each side of the vertical. This, I believe, is the smallest range that has 



hitherto been realized in any seconds pendulum of au astronomical or other clock. 

In the drawing s represents the vertical 
escapement-shaft, round which is fitted loosely -g 

the collar c, carrying the worm v. The j 

small wheel, d , is worked hv r, and carries 
round the seconds hand of the clock, a repre- j 

seats a piece of flue steel wire, being the single 
arm to which the teeth of the escapement- 
wheel are reduced in the clock described in 
this paper ; pp the pallets attached to bars 

projecting downwards from the bob, B, of the 

pendulum; /, a foot bearing the weight of the j j' 

collar-worm and escapement- tooth. The bar j, | 

connecting f with the collar is of such a length j r 1 J 

as to give a proper moment to the frictional 1—021 l— A— J SSL. 

force by which the collar is carried round. ^ j try ^ 

The shaft s carries a wheel, represented in f ■ y 

section by ww y which is driven by a train of c\ ! « 

wheel-work (not shown in the drawing) from ^ l | / 

the governor. This wheel is made to go \ _ £ r,i' J 

per cent, faster than once round in two seconds, .J jy 

while the pendulum prevents the collar from f/ '— * J// *' 

going round more than once in two seconds. I , ^ -Y 

My trials were rendered practically abortive L "“‘' ~ 

from 1805 until a few months ago by the 
difficulty of obtaining a satisfactory governor 
for the uniform motion of the escapement- « 

shaft; this difficulty is quite overcome in the (oV — “ — 

S enduluin governor, which I now proceed to i 

escribe. I 
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Imagine a pendulum with single tooth escapement mounted on a collar loose on 
the escapement-shaft just as described above, the shaft being vertical in this case 
also. A square- threaded screw is cut on the upper quarter of the length of 
the shaft, this being the part of it on which the escapement-collar works; and a 
pin fixed to the collar projects inwards to the furrow of the screw, so that, if the 
collar is turned relatively to the shaft, it will be carried along as the nut of a screw, 
but with less friction than an ordinary nut. Below the screw and long nut-collar 
three-quarters of the length of the escapement-shaft is surrounded by a tube which 
by wheel-work is carried round about 5 per cent, faster than the central shaft. 
This outer shaft, by means of friction produced by the pressure of proper springs, 
carries the nut-collar round along with it, except when the escapement-tooth is 
stopped by either of the pallets attached to the pendulum. A stiff cross-piece 
(like the head of a T), projecting each way from the top of the tubular shaft, carries, 
hanging down from it, the governing masses of a centrifugal friction governor. 
These masses are drawn towards the axis by springs, the inner ends of which are 
acted on by the nut-collar, so that the higher or the lower the latter is in its range 
the springs pull the masses inwards with less or more force. A fixed metal ring 
coaxial with the main shaft holds the governing masses in when their centrifugal 
forces exceed the forces of the springs, and resists the motion by forces of friction 
increasing approximately in simple proportion to the excess of the speed above that 
which just balances the forces of the springs. As long as the escapement- tooth 
is unresisted the nut-collar is carried round with the quicker motion of the outer 
tubular shaft, and so it screws upwards, diminishing the force of the springs. Once 
every semiperiod of the pendulum it is held back by either pallet, and the nut-col- 
lar screws cloim as much as it rose during the preceding interval of freedom, when 
the action is regular ; and the central or main escapement- shaft turns in the same 

S eriod as the tooth, being the period of the pendulum. If through increase or 
iminution of the driving-power, or diminution or increase of the coefiicient of 
friction between the governing masses and the ring on which they press, the shaft 
tends to turn faster or slower, the nut-collar works its way down or up the screw, 
until the governor is again regulated, and gives the same speed in the altered cir- 
cumstances. It is easy to arrange that a large amount of regulating power shall 
be implied in a single turn of the nut-collar relatively to the central shaft, and yet 
that the periodic application and removal of about of this amount in the half- 
period of the pendulum shall cause but a very small periodic variation in the speed. 
The latter important condition is secured by the great moment of inertia of the 
governing masses themselves round the main shaft. My communication to the 
lloyal Society ended as follows : — 

“ I hope after a few months trial to be able to present a satisfactory report of the 
performance of the clock now completed according to the principles explained 
above. As many of the details of execution may become modified after practical 
trial, it is unnecessary that I should describe them minutely at present. Its general 
appearance, and the arrangement of its characteristic parts, may be understood 
from the photograph now laid before the Society. ’’ 

I am sorry to say that the hope here expressed has not hitherto been realized. 
Year after year passed producing only more or less of radical reform in various me- 
chanical details of the governor and of the tine movement, until about six months 
ago, when, for the first time, I had all except the pendulums in approximately 
satisfactory condition. By that time I had discovered that my choice of zinc and 
platinum lor the temperature compensation and lead for the weight of the pendu- 
lums was a mistake. I had fallen into it about ten years ago through being in- 
formed that in Russia the gridiron pendulum had been reverted to because of the 
difficulty of getting equality of temperature throughout the length of the pendu- 
lum; and without stopping to perceive that the right way to deal with this diffi- 
culty was to face it and take means of securing practical equality of temperature 
throughout the length of the pendulum (which it is obuous may be done by 
simple enough appliances), I devised ft pendulum in which the compensation is 
produced by a still* tube of zinc and a platinum wire placed nearly parallel each to the 
other throughout the length of the pendulum ; and the two pendulums of the clock 
shown to the British Association were constructed on this plan. Now it is clear 
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that the materials chosen for compensation should, of all those not otherwise ob- 
jectionable, be those of greatest and of least expansibility. Therefore, certainly, 
glass or platinum ought to be one of the materials ; and the steel of the ordinary 
astronomical mercury pendulum is a mistake. Mercury ought to bo tko other (its 
cubic expansion being six times the linear expansion of zinc), unless the capillary 
uncertainty of the mercury surface lead to irregular changes m the rate of the pen- 
dulum. The weight of the pendulum ought to be of material of the greatest spe- 
cific gravity attainable, at all events unless the whole is to bo mounted in an air- 
tight case, because one of the chief errors of the best existing pendulums is that 
depending on the variations of barometric pressure. The expense pf platinum puts 
it out of the question for the weight of the pendulum, even although the use of 
mercury for the temperature compensation did not also give mercury for the weight. 
Thus even though as good compensation could he got by zinc and platinum as by 
any other means, mercury ought, on account of its superior specific gravity, to bo 
preferred to lead for the weight of the pendulum. 

I have accordingly now made several pendulums (for tide-gauges) with no other 
material in the moving part than gloss and mercury, with rounded knife-edges of 
agate for the fixed support ; and I am on the point of making four more for two 
new clocks which I am having made on the plan which forms the subject of this 
communication. I have had no opportunity hitherto of testing the performance of 
any of these pendulums ; but their action seems very promising of good results, 
and the only untoward circumstance which has hitherto appeared in connexion 
with them has been breakages of the glass in two attempts to have one canned 
safely to Genoa for a tide-gauge made by Mr. White to an order for the Italian 
Government. 

As to the accuracy of my new clock, it is enough to look at the pendulum vi- 
brating with perfect steadiness, from month to month, through a range of half a 
centimetre on each side of its middle position, with its pallets only touched during 
s J 0 of the time by the escapement-tooth, to feel certain that, if the best ordinary 
astronomical clock owes any of its irregularities to variations of range of its pen- 
dulum, or to impulses and friction of its escapement-wheel, the new clock must, 
when tried with an equally good pendulum, prove more regular. I hope soon to 
have it tried with a better pendulum than that of any astronomical clock hitherto 
made ; and if it then shows irregularities amounting to - t V of those of the best as- 
tronomical clocks, the next step must be to inclose it in an air-tight case kept at 
constant temperature, day and night, summer and winter. 


On Mr. Sabine's Method of Measurhuf small Intervals of Time. 
By W. II. Walbkx. 


On Tidal Operations in the Gulf of Catch by the Great Triyonometricul Survey 
of India. By Capt. A. W. Baird, II. E. 

The primary object of the operations was to determine whether secular changes 
in the level of the land at the head of the Gulf, i. e. the “ Ritnn of Cutch,” are 
taking place. Col. Walker, the Superintendent of the Great Trigonometrical Survey 
of India, at first intended to restrict the observations to a few weeks duration ; but 
he found that by extending them to a period of a little over a year, scientific re- 
sults of the highest value would be obtained, and also that this course would be 
necessary in order to obtain data sufficient to detect minute changes in the relative 
level of land and sea. I was deputed when in England in 1871 to study the details 
of tidal observations and harmonic analysis as recommended by the British Asso- 
ciation ; at the same time I tested a new seif-registering tide-gauge, the per- 
formances of which were very satisfactory. The self-registering tide-gauges were 
then described at length, the most remarkable feature in them being the unusually 
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long barrels (length 5 feet), which were provided in order to give the tidal curves 
on the diagram on a very large scale. Six of these instruments had been sent out 
to India some years before; they were modified in Bombay, so as to be similar to 
the new one which was tested at Chatham, and had scales of wheels put on for 
adaptation to particular tides, friction-rollers for the barrel, zero-lines for time and 
height cut, &c. As the rise and fall of the tide is materially influenced by direction 
and force of the wind, and also by changes in the barometer, self-registering anemo- 
meters and barometers were procured for each tidal station. On my return to 
India I was ordered to make a reconnaissance of the Gulf of Cutcli, to select sites 
for tidal stations. I cruised about for a month in a common native sailing-boat, 
and after long searching along the muddy foreshores of the Gulf I found three 
places well adapted for tidal observations — one right at the head of the Gulf, just 
m the Itunn of Cutcli, called Haustal Tidal Station ; another midway up the (Julf 
of the Cutch coast, called Nowanar ; and the third, Okha, just at the mouth of the 
Gulf, opposite the island of Beyt. They were well situated for the purposes required, 
as far as their geographical position ; but as one was at a point twenty miles from the 
nearest village (from which drinking-water had to be brought by boat as well as 
food for the men in charge), another station nine miles, and the third two miles 
from the villages, the arrangements for the continuous working of the stations for 
about a year and a half had to be most carefully made. I returned to Bombay and 
got all the apparatus ready, such as iron cylinders in length (so as to be portable), 
iron piping, suction-piping, anchors^ and buoys, &c. for the deep-sea connexion, 
temporary ti 1- -.-m.jr* - for comparison, portable observatories — in fact every thing, 
even to bricks and iime for sinking the masonry well for holding the cylinders, for 
nothing could be procured in the places selected for the stations. While in Bom- 
bay I tested the working of tlie whole apparatus for each observatory, and made 
many modifications from time to time. I found that air would collect in the pipes, 
which were in tlie shape of a long siphon, and thus cause differences of level in 
the cylinder and the sea. I overcame this difficulty by inserting stopcocks at the 
top bends, which were to be always below the lowest high-water ; and in this way 
I was able to get the same level of the water inside the cylinder as in the open 
sea. By frequent comparison with the temporary :* the identity of level 

was determined ; the size of the pipe connecting the cylinder had been calculatedj 
so that practically there would be no retardation in the flow of the water. The 
native sub-surveyors, who were to be in charge of the stations, were also trained 
in Bombay. 

The observations and apparatus were then described at length, and several illus- 
trations and diagrams showed the method of their working. In addition to the 
self-registering anemometer and sell-iegistcring aneroid barometer, each observatory 
was fitted out with a standard mercurial barometer (for comparisons) and a rain- 
gauge. Three bench mark-stones in masonry platforms, at different distances from 
the observatory', were built as standard points for the levels, and each carefully 
connected with the zero of the self-registering tid^irauge. The whole of the appa- 
ratus and instruments were sent off in a large native sailing-vessel direct to Okna 
the natives who were to be employed also going. I marched across Kattyanon tc 
Okha, having made some arrangements with the Political Agent at Rajkot as to tin 
help we should get from the native states. The construction of Okha tidal statior 
was then described, and many of the difficulties which were successfully overcome 
also the different methods of comparing position of pencil on diagram with the 
height of water ; checks on the working of the instruments for insertion in the daih 
reports submitted by the sub-surveyors. I detected a serious fault in the self- 
registering tide-gauge, viz. that the instrument was by r no means correct in tin 
time t« L'i-n.'iii- n. I eventually devised a simple, plan which I called “back-lasl 
weight,” which completely removed this cause of error : I am of opinion this plai 
ought to be carried out in its entirety, and tlio barrel made to drive the clock in- 
stead of the clock the barrel. 

Just after all was ready, and the instruments being started at Okha, a great dis- 
aster happened early one morning. A boat drifted down past the station^ her anchor 
dragged across the flexible pipe, smashed it, and earned off a large portion of it, ai 
well as buoys, anchor, & c. Ilere we had to land and to have the repairs quickly 
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executed ; then the final measurements for determination of zero, rating of clocks, 
& c. were made, and the instrments started on their eighteen months’ work. 
Leaving Okha, the vessel in which I and my men and all the apparatus were in 
ran straight on to a sandbank and nearly capsized. After many troubles, the other 
two stations were eventually constructed. Huts had to be made for tne men in 
charge and the guard from the native state to live in, a regular service for sending 
food and water established, and post-runners started to carry the daily reports to 
the nearest post-office, and many other details arranged. I or my European as- 
sistant had to make frequent tours of inspection of the stations while work was 
going on, which entailed much hard marching and exposure. One journey (in May 
1874) was described in which I and my assistant had to ride on oamels over about 
fourteen miles of the Runn, covered with water from 0 inches to a foot deep, in 
order to reach Haustal Tidal Station. The working of the stations was then de- 
scribed, Okha and Haustal giving perfect and continuous registration ; but at 
Nowanar, where there was 20 feet of water at the end of the pipe at low-water in 
April 1874, in the following July it silted up and buried the pipe, and the whole 
configuration of the foreshore altered. New pipes had to be got up, and two 
lunations (from March to May 1875) were secured, in addition to the one and half 
lunation got before the shore had altered, in 1874. The registrations of the ane- 
mograph and barograph were continuous also. The levelling operations (750 miles 
of double levelling were done in connexion with the work) were next noticed ; the 
rigid method of procedure which obtains in. the Great Trigonometrical Survey of 
India, and which give such wonderfully accurate results, was referred to {vide Col. 
Walkers paper in vol. xxxiii. of the Memoirs of the Astron. Society). 

The reductions of the tidal observations are in progress, some idea of the magni- 
tude of which may be imagined when 50,000 points have been corrected to true 
mean local time on the diagram-sheets, corrections made for zero error, and then 
the 80,000 final measurements made and tabulated for reduction. The determina- 
tion of the mean level of the sea at each station and some of the remits already 
deduced are stated: one is important, and that is, that the mean level deduced from 
the two months (March 7 to May 7) is nearly identical with the mean of the whole 
ear; and this Col. Walker had predicted would be the case in a letter on the subject 
about eight years before. The meteorological reductions are in progress. The 
movement of the wind for each hour for the whole period has been tabulated and 
reduced to its X. and E. components, the mean hourly value determined ; and, by 
combining the differences of this mean from the value of each particular hour, and 
similarly the barometric differences with the differences of the theoretical and 
actual values of the tide, I hope to determine far more accurately than lias yet 
been done the effect of the w'ind and barometer on the tide. •Several tracings* of 
the actual diagrams were exhibited. The tidal curves are most regular and con- 
tinuous, and show the perfect working of the whole apparatus; and when the tidal 
and meteorological reductions are complete, I hope to obtain some very valuable 
results. 


Physical Explanation of flic Mackerel Sky. 
By Sir \V. Thomson, D.C.L F.Lt.S . 


On Navigational Deep-sea Soundings in a Ship moving at High Speed. 
Bg Hit W. Thomson, D.C.L., F.Il.S. 
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CHEMISTEY. 

Address by William Henry Perkin, F.R.S., President of the Section* 

There can be no doubt that chemistry and the allied sciences are now being re- 
cognized to a much greater extent in this country than in former years ; and not 
only so, the workers at research, though still small in number, are more numerous 
than they were. 

In 1868 Dr. Frankland,in his Address to this Section at the Meeting at Norwich, 
commented upon the small amount of original research then being carried on in the 
United Kingdom; but, judging from the statistics of the Chemical Society, this 
state o£ things became even worse ; for in 1868 there were forty-eight papers read 
before the Society, but in 1872 only twenty-two. Since then, however, there has 
been a considerable increase in the number ; and at the Anniversary Meeting in 
March last it was shown that the number of communications for the session had 
risen to sixty-six, or three times as many as in 1872. 

Of course these figures only refer to the Chemical Society ; but I think they may 
be taken as a very safe criterion of the improved state of things, though it would 
be very gratifying to see much greater activity. 

It is also very pleasing to find that the aids to and opportunities for research are 
increasing, because it must be remembered that, in a pecuniary sense, science is 
far from being its own rewarder at the time its truths are being studied, although 
the results very often become eventually ot the greatest practical value ; hence the 
wisdom of a country encouraging scientific research. 

But little, however, has been done in this direction in past years — the grants 
made for general science by this Association, and that of the Government of one 
thousand pounds annually to the Royal Society, being the most important. 

The Chemical Society has also been in the habit of giving small grants for the 
purpose of assisting those engaged in chemical research. In the future, however, it 
will be able to do much more than hitherto. One of the original members of the 
Society, P- 1 ” * \ in the early part of the year to give one thousand pounds 

provided a similar sum could be raised, the united amount to be invested and the 
interest applied for the encouragement of research. I am happy to say that rather 
more than the required sum has been raised, and it is hoped that it may be still 
further supplemented. 

In addition to the Royal-Society grant, the Government have given this year a 
further annual sum of four thousand pounds. Of course this is for science gene- 
rally. 

Air. T. J. Phillips Jodrell has also placed at the disposal of the Royal Society 
the munificent sum of six thousand pounds to be applied in any manner that they 
may consider for the time being most conducive to the encouragement of research 
in Physical science*. 

When we consider how much of our science is of a physical nature, we must be 
grateful for this bequest; and it is to be hoped that these helps will more and more 
stimulate research in the United Kingdom ; and if we have any hope of keeping pace 
with the large amount of work now being carried on in other countries, we must 
indeed be energetic. 

The employment of well-trained chemists in chemical works is now becoming 
much more general than heretofore, especially on the continent, where in some 
cases a considerable stall* is employed and provided with suitable appliances, <fcc., 
for the purpose not only of attending to and perfecting the ordinary operations 
which are in use, but to make investigations in relation to the class of manufacture 
they are engaged in. A conviction of the necessity of this is gaining strength in 
this country, though not so quickly as might he desired ; nevertheless these things 
are encour.mmg. 

With reference to the progress of chemist iy and what have been the fruits of re- 
search of late years, it will bo impossible for me to give even a general outline, 
the amount of work being so large ; in fact, to recount the list of inv obligations 
made during the past year would take up most of the time at my disposal. 
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Amongst the most interesting, perhaps, are those relating to isomerism, especially 
in the aromatic series of organic bodies ; and it is probable that a more intimate 
knowledge of this subject will be found of really practical value. 

As I am unable to give an account of the work done during the past year on 
account of its quantity and diversity, I propose to refer to some of the practical results 
which have already accrued from Organic Chemistry, as a plea for the encourage- 
ment of research ; and those I intend to spoak of are of special interest also on 
account of their close connexion with the textile manufactures of Great Britain. I 
need scarcely say I refer to the colouring-matters which have been obtained from 
the products found in tar. 

It was in I860, now twenty years since, that this industry was commenced by 
the discovery of the u mauve’’ or "aniline purple;” and it may be of interest .to 
state that it was in Scotland, in the autumn of the same vear, that the firsUexperi- 
ments upon the application of this dye to the arts of dyeing and calico-printing 
were made, at Perth and Maryhill. 

I need scarcely remind you of the wonderful development of this industry since 
then, seeing we now have from the same source colouring-matters capable of pro- 
ducing not only all the colours of the rainbow, but their combinations. I wish, 
however, to briefly refer to the date and origin of the products which have 
served to build up this great industry. 

It was in 1825 that Faraday published in the 1 Philosophical Transactions ’ his 
research on the oily products separated in compressing oil-gas, and described a 
substance he obtained from it — a volatile colourless oil, which ho called Bicar- 
buretted Hydrogen. Mitscherlich some years afterwards obtained the same sub- 
stance from benzoic acid, and gave it the name it bears, viz. " Benzol.” This same 
chemist further obtained from benzol nitrobenzol, by acting upon it with nitric 
acid. Zinin afterwards studied the action of reducing agents upon nitrobenzol, and 
obtained "aniline/ 1 which he at that time called Benzidam. 

Again, Pelletier and Walter discovered the hydrocarbon toluol in 18.37. lleville 
produced its nitro-compound in 1841 ; and Ho fin aim and Musprntt obtained from 
this "toluidine,” by the process used by Zinin to reduce nitrobenzol. 

I might mention other names in connexion with these substances, such ns Bunge 
and Unverdorben ; but I would now ask, did any of these chemists make these 
investigations with the hope of gain P was it not rather from the love of research, 
and that alone ? and now these products, which were then practically useless, are 
the basis of the aniline colours. But to go further : Doebereiner a long while ago 
obtained from alcohol a substance which he called " light oxygen ether,” now 
known as aldehyd. Gay-Lussac produced iodide of ethyl in 1815. Dumns and 
Peligot discovered the corresponding substance iodide of methyl in 1835 ; but, as 
in the cases I have previously referred to, these bodies had no practical value and 
were never prepared but in the laboratory'. Hofmann, in his researches on the 
molecular constitution of the -volatile organic bases, discovered in 1850 the 
replacement compounds of aniline containing alcohol radicals. 

All these compounds have now been manufactured on the large scale and used 
in the further development of the industry of these artificial colouring-matters. 

Other substances might be mentioned ; but I think these are sufficient to show 
how the products of research which, when first discovered and for a long period 
afterwards, were of only scientific interest, at last became of great practical value; 
and it is evident that, had not the investigations and discoveries I have referred to 
been made as they were solely from a love of science, no aniline colours would 
now be known. 

The colouring-matters I have hitherto spoken of are nitrogenous, and derived 
from benzol and its homologues. There are a few others, however, of the same 
origin which contain no nitrogen ; but they are of secondary' importance. 

I now pass on to another class of colouring-matter, which is obtained from 
anthracene, a coal-tar product differing from benzol and toluol in physical cha- 
racters, inasmuch as it is a magnificent crystalline solid. 

The first colouring-matter derived from anthracene which I wish to draw vour 
attention to is alizarin, the principal dyeing ajrent found in madder-root. This 
substanco was for a long time supposed to be related to naphthaline, inasmuch as 
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plithalic acid can be produced from both of them ; and many were the experiments 
made by chemists in this direction { it was not, however, until 1868 that this was 
proved to be a mistake, and its relationship to anthracene was discovered by Graebe 
and Liebermann, who succeeded in preparing this coal-tar product from the natural 
alizarin itself. 

Having obtained this important result, they turned their attention further to the 
subject, hoping to find some process by which alizarin could be produced from 
anthracene ; in this they were soon successful. 

The discovery of the artificial formation of alizarin was of great interest, inas- 
much as it was another of those instances which have of late years become so 
numerous, namely the formation of a vegetable product artificially ; but the process 
used by Graebe and Liebermann was of little practical value, because too expensive 
for practical purposes. 

Having previously worked on anthracene derivatives, it occurred to me to make 
some experiments on this subject, which resulted in the discovery of a process by 
which tlie colouring-matter could be economically produced on the large scale : 
Messrs. Caro, Graebe, and Liebermann about the same time obtained similar 
results in Germany; this was in I860. Further i ; i_mi ion during that year 
yielded me a new process, by which “ dichloranthracene ” could be used in 
place of the more costly product antliraquinone, which was required by tbe 
original processes. I mention this, as most of the artificial alizarin used in this 
country up to the end of 1873, and a good deal since, has been prepared by this 
new process. 

It wft9 observed that when commercial artificial alizarin prepared from anthra- 
quinone, but more especially from dichloranthracene, was used for dyeing, the 
colours produced differed from those dyed with madder or pure alizarin ; and many 
persons therefore concluded that the artificial colouring-matter was not alizarin at all. 
This question, however, was set at rest by separating out the pure artificial alizarin 
from the commercial product and comparing it with the natural alizarin, when it 
was found to produce exactly tlie same colours on mordanted fabrics, to have the 
same composition, to give the same reactions with reagents, and to yield the same 
products on oxidation. 

But whilst examining into this subject it was found that a second colouring-matter 
was present in the commercial product, and in somewhat large quantities, especially 
when dichloranthracene had been employed in its preparation; and to this was due 
the difference in shade of colour referred to. 

This substance, when investigated, was found to have the same composition as 
“ purpurin,” also a colouring-matter found in madder, but of very little value on 
account of the looseness and dulness of some of the colours it produces. This new 
substance, being derived from anthracene, was named anthrapurpurin ; unlike its 
isomer purpurin, however, it is of great value as a colouring-matter. I do not 
think I shall be going beyond the results of experience if I say it is of as great 
importance as alizarin itself ; with alumina mordants it produces reds of a more 
scarlet or fiery red than those from alizarin. In fact so tine are the colours 
produced that, with ordinary alumina-mordants on unoiled cotton, it gives results 
nearlv equal in brilliancy to Turkey-red produced with madder or garancine; and 
I believe the rapid success of artificial alizarin was greatly due to its presence. 
Most of that consumed at first was for Turkey-red dyeing ; and the colours were so 
clear that it was mostly used in combination with madder or garancine, to brighten 
up the colours produced by these natiu'al products. 

The purple colours anthrapurpurin produces with iron mordants are bluer in 
shade tnan those of alizarin, ana the blacks are very intense. Its application is 
practically the same as alizarin, so that they can be used in combination. 

As already noticed, the commercial product called “artificial alizarin” first 
supplied to the consumer was always a mixture of alizarin and anthrapurpurin; 
and various mixtures of these two colouring-matters are still sent into the market ; 
but, owing to the investigations that have been made and the study and attention 
that lias been given to it by manufacturers, nearly pure alizarin and anthrapurpurin 
ave also sent into the market— the first being known as “ blue-shade alizarin, and? 
the second as red or <( scarlet alizarin.” 

1870. 
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The formation of anthrapurpurin in the manufacture of alizarin may to some 
extent be said to have arisen from a want of knowledge of the true conditions 
required for the production of the latter. 

It is now well known that alizarin is a dioxyanthraquinone, or, in other words, 
anthraquinone in which two atoms of hydrogen are replaced by hydroxyl. 

c u n„ o a c u n 6 (HO) a o, 

v — v 7Y— ; ' 

Anthraquinone. Alizarin. 

If we want to introduce hydroxvl into a compound, there are several processes 
which can be used ; but I will only refer to those connected with the history of 
this colouring-matter. 

The first process which I will refer to has been used by chemists for a long 
period. It consists in first replacing the hydrogen by bromine, and then treating 
the resulting body with potassic or other metallic hydrate ; and according as one, 
two, or more atoms of hydrogen have been replaced by the bromine, so on 
its removal by the metal of the metallic hydrate, a compound containing a corre- 
, sponding number of atoms of hydrogen replaced by hydroxyl is obtained. 

Graebe and Liebermann acted upon ibis principle in their experiments on the 
artificial formation of alizarin; and as it was necessary to replace two atoms 
of hydrogen in anthraquinone, tliev first of all prepared a dibrommated derivative, 
called dibromanthraquinone, 

C u H e Br,(X. 

By decomposing this with potassic hydrate at a high temperature, they obtained a 
violet-coloured product, which, when acidified to remove the alkali, gave a yellow 
precipitate of alizarin, 

C 11 H ll (HO) a O a . 

The second process I wish to speak of for the replacement of hydrogen by hydroxyl 
in a compound is by converting it into a sulpho-acid (usually by means of sulphuric 
acid), and subsequently decomposing this with potassic or other hydrate; and 
according as a mono- or disulpho-acid is employed, it yields on decomposition a 
compound with one or two atoms of hydrogen replaced by hydroxyl. 

The discovery of sulpho-acids of anthraquinone, and their use in place of the 
brominated derivative originally employed by Graebe and Liebermann, constituted 
the great improvement in the manufacture of alizarin already referred to. 

From what has just been stated, it was naturally supposed that a disulpho- 
acid of anthraquinone w'ould be required to produce alizarin ; and this was believed 
to be the case for some time ; but further experiments have proved it to be a 
mistake, and shown that the monosulpho-aeid is required to produce alizarin, the 
disulpho-acid yielding anthrapurpurin. 

But how are we to explain this apparent anomaly P It would take up too much 
time to enter into a discussion respecting the constitution of the sulplio-acids of 
anthraquinone in reference to the position of the ILSO,, groups. I will therefore 
confine my remarks to their decomposition. 

Monosulphoanthraquinonic acid, 

C u 11,(11803)0,, 

when heated strongly with caustic alkali, as potassic or sodic hydrate, decomposes 
in the ordinary way, and we get u monoxyanthraquinone,” 

C l4 II 7 (IIO)O a , 

which is a yellow body possessing no dyeing properties. On further treating this, 
however, with caustic alkali it changes, being oxidized, and yields alizarin, 

C u II a (IIO) a O a . 

Disulphoanthraquinonic acid, 

C u II 8 (ILS0 3 )0 3 , 

when subjected to the influence of caustic alkali, at first changes into an intermediate 
acid, 

C n II u (HO) (II 80 a ) Oj, 
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and then into a dioxyanthraquinone, 

C 14 H 6 (II0) 2 0 2 , 

now known as u isoanthraflavie acid” — a substance having the same composition 
as alizarin, hut being only an isomer of that body and possessing no affinity for 
mordants ; like monoxy anthraquinone, however, when further heated with alkali 
it becomes oxidized and yields a colouring-matter, which is “anthrapurpurin,” 

C u H 5 (IIO) 3 O a . 

Looking at these reactions, it appears rather remarkable that Graebe and 
Liebermann should have succeeded in preparing alizarin from dibromanthraquinone. 
It can only be explained on the assumption that the hydrogen atoms replaced in the 
disulpho-acidare different in position from those replaced in the dibromanthraquinone; 
and of course it is possible that a disulplio-acid isomeric with that now known may 
be discovered that will yield alizarin as a first product on treatment with alkali. 

In the reaction which takes place when monoxyanthraquinone or isoanthraflavic 
acid become oxidized and ' : ”■ *' M ■ : ■ ■ * nascent hydroged 

is formed ; and this causes . ■ !■■■■; M y anthraquinone, 

or its hydrogen derivative, being formed, and a loss of colouring-matter resulting. 
A small amount of potassic chlorate is now used with the caustic alkali, iust suffi- 
cient to overcome the reducing action, which has resulted in an increasea yield of 
colouring-matter, the percentage obtained being now not very much below the 
theoretical quantity. 

When the process for making commercial artificial alizarin by treating anthra- 
quinone with sulphuric acid was first adopted, the product from that treatment was 
a mixture of the mono- and disulpho-acids of anthraquinone. Consequently the 
colouring-matter prepared in this manner was a mixture of alizarin and anthrapur- 
purin ; and the reason why dichloranthracene, when used in place of anthraquinone, 
yields a product very rich in anthrapurpurin, is on account of the readiness with 
which it forms a disulplio-acid of dicnloranthracene, which afterwards changes into 
the disulpho-acid of anthraquinone. 

At first it was supposed by many that the quantity of coal-tar produced would 
not yield a sufficient supply of anthracene for the manufacture of artificial alizarin. 
Experience has, however, proved that this supposition was groundless, as now the 
supply is greater than the demand. 

Moreover some very interesting experiments have lately been made, by which 
anthraquinone and its derivatives have been obtained without the use of anthracene. 
The most interesting are those in which phthalic anhydride is employed with 
benzolic derivatives; for example, this anhydride gives with hydroquinone a 
colouring-matter having the same composition, as well as most of the other 
properties of alizarin. It is called quinizarin. Baeyer and Caro have also obtained 
from phthalic mill} dride and phenol oxyautliraquinone ; and by using pyrocatechin 
in placo of phenol they got alizarin itself. 

Although these products have not been obtained in sufficient quantities by 
these processes to be of any practical value, we do not know what further research 
may do. Already one of the substances used is being prepared on the large scale for 
the manufacture of that beautiful colouring-matter “ eosine I refer to phthalic 
anhydride. 

Now, with reference to the origin of the products which are used for the manu- 
facture of artificial alizarin, we find the first researches made in reference to 
anthracene were by Dumas and Laurent in 1832 ; subsequently Laurent further 
worked upon this subject, and obtained, by the oxidation of this hydrocarbon, a 
substance which he called anthracenuse ; he also obtained dichloranthracene. Dr. 
Anderson also made an investigation on anthracene and its compounds in 1863, and 
assigned to it its correct formula ; he reexamined its oxidation-product, which 
Laurent called anthracenuse, and named it oxyanthracene, the substance we now 
know as anthraquinone. 

All these substances were without any practical value until 1868 ; but we now 
find them of the greatest importance, and used daily in immense quantities. 

But to bring out more clearly the practical importance^ these fruits of scientific 
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research, it will be well perhaps to see what has been their influence on the colour- 
ing-matters which were in use before them, and also the extent of their present 
consumption. 

The influence of the so-called aniline colours on dye woods, &c. has been 
remarkably small. It is true that at first magenta had a depreciating influence 
upon cochineal ; but this has passed away, and now the consumption of that dye 
is as great as ever ; certainly its price is much lower than it used to be ; but this is 
due to a variety of causes, especially the great increase in the cultivation of the 
insect at Teneriffe. And perhaps this want of influence is not so very remarkable, 
when we consider the aniline colours are entirely new products, differing in com- 
position and properties from the old colouring-matters, and therefore could only 
aisplace them to a certain extent. 

But whilst this is the case, the aniline colours have been more and more used, 
until at present it is computed that their annual sale in the United Kingdom and 
on the Continent exceeds £*2,000,000. This is probably due to new applications 
and increase of trade. 

When, however, we come to consider the influence of the anthracene colours 
alizarin and autlirapurpurin, more generally known as 4< artificial alizarin,” we fiud 
we have a very different tale to tell. 

Here, in the case of alizarin, we have a competition not between two colouring- 
matters, hut the same from different sources — the old source being the madder- 
root, the new one coal-tar. And when we introduce the consideration of anthra- 
purpurin, which produces such magnificent reds, much brighter than alizarin or 
ordinary purpurin, we see we have not only a replacement but an improvement, 
so that these new colouring-matters throw the old ones into the shade. The pro- 
ducts being purer, the clearing processes for goods dyed with them are also 
necessarily easier and simpler. 

It will be interesting to examine into the statistics of the madder and garancin 
trade in a brief manner, to see what has been the influence of artificial alizarin on 
their consumption. The following figures are mostly calculated from the Board-of- 
Trade returns. 

During the ten vears immediately preceding the introduction of artificial alizarin 
the average annual imports of madder into the United Kingdom were 115,202 tons, 
and of garancin 2278 tons. Estimating the value of the former at £2 2#. (W., and 
the latter at £8 per cwt., which were about the average prices during that period, 
the annual value in round numbers was about one million sterling. 

The introduction of artificial alizarin, however, has so influenced the value of 
madder that its price is now less than one half; and thus n saving of over half a 
million sterling per annum has been effected to the manufacturers of the United 
Kingdom, one half of which may be put down to Glasgow. 

So much for its effect in reducing prices ; but what has been its influence on the 
consumption of these dye-stuffs ? 

I have already stated the average qmntity of these substances imported per 
annum prior to the discovery of the artificial product, and will now compare it 
with the imports of last year and this. That for the present year of course will be 
an estimated quantity, and calculated from the returns for the first seven months. 

Average annual imports. 

1859-1808. 1875. 1870. 


tons. tons. tons. 

Madder 15,292 5014 3053 

Garancin 2,278 1293 813 


Those figures speak for themselves. 

The money value, which was formerly £1,000,000 per annum, is now, cal- 
culating from the estimated quantity for the year, only £138,105, sav £140,000, 
taking garancin at £4 per cwt. and madder at £1 per cwt., prices slightly iu 
excess of their present value. 

At the present prices the cultivation of madder-roots is unreniunerative ; and 
it is to he expected that madder-growing will soon be a thing of the past, thousands 
of acres of land being at the same time liberated for the growth of those products 
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we cannot produce artificially, and without which we cannot exist. The quantity 
of madder grown in all the madder-growing countries of the world prior to 1868 
was estimated te be 70,000 tons per annum ; and at the present time the artificial 
colour is manufactured to an extent equivalent to 50,000 tons, or more than two 
thirds of the quantity grown when its cultivation had reached its highest point. 

I might have referred to other subjects besides the coal-tar colours which have 
resulted from scientific research; but I know of no other of such interest and 
magnitude. From the brief history I have given, we see that the origin of these 
colouring-matters is entirely the fruit of many researches made quite independently 
by different chemists, who worked at them without any knowledge of their future 
importance ; and on looking at the researches which have thus culminated in this 
industry, it is interesting to notice that many, if not most of them, were conducted 
for the purpose of elucidating some theoretical point. 

These facts certainly ought to be a great encouragement to chemists, and stimu- 
late them to greater activity. It would be very pleasing to see more work ema- 
nating from the chemical schools of the United Kingdom : and I think no student 
should consider his chemical curriculum finished until he has conducted an original 
research. The knowledge obtained by a general course of instruction is of course 
of very great value ; but a good deal of it is earned on by rule. In research, how- 
e\er, we have to depend upon the exercise of our judgment, and, in fact, of all our 
faculties ; and a student having conducted even one, under the guidance of an 
efficient director, will find that he has acquired an amount of experience and 
knowledge which will be of the greatest value to him afterwards. 

It is hoped these remarks will encourage young chemists to patiently and 
earnestly work at whatever subject they may undertake, knowing that their results, 
although sometimes apparently only of small interest, may contain the germ of 
something of great scientific or practical importance, or may, like a keystone in 
an arch, complete some subject which before was fragmentary and useless. 


On a Safe and JRapid Ernporatintf-jtfm. By F. H. T. Allajt. 

In the course of various chemical manufactures there is sometimes met the diffi- 
culty of products and apparatus being injured or destroyed in the process of rapid 
evaporation by the salts settling to tlie bottom of the pan, and there becoming a 
solid mass. This pan is intended as an effort to overcome that difficulty. 

Besides attempting to compass the evaporation of the leys or other fluids safe 
from the danger of deposition upon the heating-surface, it also provides for tne 
rapid evaporation of the fluids, with continuous action in the pan, and the ready 
removal oi the solids when formed. To attain these several ends, the form to be de- 
scribed has been found necessary. The pan may be made of boiler-plate, and about 
30 feet long, by 10 feet broad, and 9 feet high. * The heating-surface is supplied by- 
two flues of a* V-shape carried through the fluid from one end of the pan to the 
other. The acutest angle of the V is downward, and within 2 feet of the bottom 
of the pan. This form of heat-source whilst raising the temperature to boiling- 
point and effectually keeping it there, offers no resting-place for descending particles ; 
and consequently the salts on separating fall to the bottom of the pan and there 
accumulate. Now the apparatus is so arranged that the bottom slopes in one or 
more directions ; the salts gather in the deepest parts, and suitable outlets that may 
be closed at pleasure being provided in the sides, they gravitate outwards into 
proper receptacles. Caro must be taken that sufficient solids are left in to occupy 
the outlets, and the passage of fluids thereby prevented. 

The upper part of the V-shaped flue is covered in its whole length and breadth 
by an air-chamber of iron fitted with pipes or other arrangement passing into the 
liquid, whereby the air heated from the waste heat of the flue is forced into the 
boiling liquid, and there materially increases the rapidity of the evaporation. 

For the purpose of utilizing any heat that may escape from the air-chamber a 
small pan occupies its upper surface. On this subsidiary pan the liquid may be 
boiled to nearly salting-point, and then allowed to flow into the salting-down pan, 
1876. 6 
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the smaller one being replenished with weak liquor. A limited supply of air may 
be introduced into the second pan, and evaporation proceeds very rapidly. 

The liquor in the pans need never lose its level, because, as salts pass from below 
and steam from above continuously, it is continuously replaced by liquor flowing in ; 
the air-pipes may therefore be only two or three inches below the surface of the nuid. 
The pressure thus being not great, an ordinary fan will be sufficient to force the air 
through for evaporation. 


On Sewage Purification and Utilization . By J. Banks. 


On a new Voltaic Battery . By H. W. Biggs. 


On the Action of Penta chloride of Phosphorus on Turpentine . 
By Prof. Crum Brown. 


Rote on Anthracene-testing . By J\s. T. Brown. 

In the earlier days of anthracene manufacture, when it was obtained solely from 
the last runnings of oil, and when the distillation was stopped comparatively early 
for the double reason of saving the bottoms of the stills and producing a good 
marketable pitch, the principal solid impurities weie naphthalene, phenanthrene, 
and paraffin. With samples of this description the method of testing by agitation, 
after washing with petroleum spirit, with a limited quantity of bisulphide of carbon 
gives approximate and practically useful results. When, howe\er, the demand for 
anthracene increased, the tar-distillers found it more advantageous to carry on the 
distillation as far as possible, onlv stopping just before the point at which coking 
commenced. This method of working gives an entirclv different variety of crude 
anthracene, viz. one in which the piincipal sold impuiities have higher boiling- 
points than anthracene. r ihe>e bisulphide of carbon fails to remove; that test 
therefore, with these samples, ceases to give true indications of their commercial 
value. To coirect this the anthrakinoiie test was intruduo d, and was, judging from 
the terms in which it was piopostd, looked upon as applicable to all commeicial 
anthracenes. The appendix to the paper boon followed, and showed that experience 
had not confirms d those anticipations ; and now* the kinone produced requires to ho 
tested as to its purity, as the result is In no means definite. In applying the kinone 
test to commeicial samples various minor difficulties occur, one of which is that 
damp samples of anthracene are apt to lose moisture during the time thut is occu- 
pied in reducing them to a sufficient degree of fineness to allow the small quantity 
of 1 gramme to be a correct sample of the bulk ; and anotjier and more serious one 
is the uncertainty caused In the occasional occurrence of accidental impurities in 
the quantity weighed out. To reined) these defects and facilitate the testing, the 
author proposes the following modification: — 

Weigh out 60 grammes of the ciude anthracene, and measure out 260 cubic 
Centime. of petroleum spirit; triturate the anthracene in a mortar with a sufficient 
quantity of the spirit to form a thin cream, and pour it on a weighed filter (taking 
care at the same time to leave in the moitar any grit or sand which may be present) j 
rinse on to the filter any anthracene which niav be round the sides of the mortar, 
and employ the remainder of the spirit in washing the filter and its contents. 
Allow it to drain, then fold it caiefuliy, pi ess between bibulous paper, dry at about 
60 c -80° C., and weigh, ('rush to a fine powder the contents of the filter, and from 
that quantity weigh out the gramme required for the kinone test; then proceed in 
the usual manner. In calculating the result allowance must of course be made for 
the diminution in weight caused by washing the crude sample with petroleum 
spirit. 

The method proposed in the foregoing short note does not claim for itself theo- 
reiica accuracy, but it claims the following advantages : — ^ 
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1st. It affords a ready method of detecting and separating extraneous matter, 
such as grit, sand, shreds of canvas, or splinters of wood, all of which are liable to 
occur even in good anthracene. 

2nd. The preliminary washing produces a dry powder of perfect uniformity, from 
which it is easy to weigh out a small quantity. 

3rd. The preliminary washing removes, beside others, the Renter part of two 
important impurities, one of which, viz. paraffin, defies the kinone test, and the 
other, viz. phenanthrene, is not, if present in large quantities, completely oxidized 
under a considerable time. 

4th, By removing a large proportion of the impurity beforehand the oxidation 
proceeds more quietly, and the kinone obtained is more crystalline and freer from 
chromium compounds. 


On some Instruments used in the ‘ Challenger * By J. Y. Buchanan. 


On Ammonic Seleniocyanide. By Dr. Cameron. 


On a Gas-condensing Machine for the Liquefaction of Gases by combined cold 
and pressure , recently employed in the manufacture of Volatile Liquid Hy- 
drocarbons. By J. S. Coleman, F.C.8. 

This paper gives a resume of the author’s paper on the effects of pressure and 
cold upon the gaseous products of the distillation of shales, read to the Chemical 
►Society, September 1875. 

It then enters into certain thermodynamical questions relating to the best method 
of obtaining cold from a compressed gas, so as to utilize the cold produced in ex- 
pansion, to supplement the effect produced by simple pressure. 

It then describes the engineering arrangements finally adopted for dealing with 
250,000 feet of gas daily at the works of Messrs. Young & Co , on the principle of 
the drawing exhibited. The diagrams used were enlargements of the actual draw- 
ings of the machine as erected, and showed all the precautions found necessary 
in actual construction. The working of the machine, which gives, as a maximum, 
2000 gallons per week, during the last three months was described, and samples 
of the product exhibited burning in Laidlaw’s air-gas apparatus. 


Experimental Researches on the Chemical Treatment of Town Excretion . 
By J. S. Coleman, F.C.S. 


On the Transfoimnation of Chinoline into Aniline. By Prof. Dewar, F.R.S.E. 


On the Proximate Analysis of Coal-Gas. — Remarks on RebouVs Paper on 
Pyro- Tartaric Acid. By W. Dittmar. 


On an Apparatus for the Analysis of Impurities in the Atmosphere. 
By E. M. Dixon. 


On Fire-Brick. By J. Dunnachie. 


On White- Lead. By A. Fergtxsson. 
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On the Physiological Action of Pyro Meta-, and Ortho-phosphoric Adds . 
By Prof. Gauges, F.M.S. 


On the Influence of the Condition and Quantity of the Negative Element on the 
Action of the Copper-Zinc Couple . By Professor Gladstone, F.Il.S. 


On Solid Water . By Prof. Guthrie, FJl.S. 


On the Critical Point of Liquid Carbonic Acid in Minerah. 
By W. N. Hartley. 


The llistomj of Copper-extraction by the Wet Way. 

By William Henderson. 

Iu this paper the author related the history of the introduction of these processes 
and their establishment in this country and abroad ; he described the wirioiH -tfiires 
of the manufacture of Spanish cupreous pyrites by his processes ; he also described 
and illustrated by specimens the recent modifications introduced for improving the 
quality of the copper, and at the same time separating the small quantity of lead, 
silver, and gold always present in Spanish pyrites. 


On the Purification of the Clyde . By Col. Horn, V.C. 


On the Limited Oxidation of Terpenes . — Part IV.* 

By Charles T. Kingzett, F.C.ti. 

In this part of his researches the author has more particularly inquired into 
the phenomena attendant upon the atmospheric oxidation of turpentine in the pre- 
sence of water. These phenomena may be stated as: — 

(a) Increase of the specific gravity of the oil as the oxidation proceeds. 

(b) Gradual increase in the amount of peroxide of hydrogen produced, or the rftte 
at which it forms. 

(c) Gradual heightening of the boiling-point of the oil as it oxidizes. 

The oxidation, which takes place slowly at first, proceeds very actively after- 
wards, and the oil thus under treatment is capable of inducing fresh turpentine, 
which may he added to undergo oxidation at the same rato from the moment of 
contact. 

The oxidized oil evolves large quantities of oxygen on heating to near 100° C., 
and this oxygen is doubtless derived from camphoric peroxide. To the same sub- 
stance the author assumes to be due the camphoric acid and peroxide of hydrogen 
found in the aqueous solution that results from its decomposition with water. 

There are contained also in the watery solution obtained when turpentine is 
atmospherically oxidized in the presence of water, acetic acid, camphor, &c. Thus 
a solution obtained in one experiment upon several gaJlons of turpentine contained 
323 grains of peroxide of hydrogen ana 307 grains of camphoric and acetic acids. 
The amount of peroxide of hydrogen produced is simply limited by the amount of 
turpentine oxidized, and can be regulated at will. 

This aqueous solution the author has proved to possess most powerful characters 
as an antiseptic and disinfectant, and continued investigations have shown these 
characters to be possessed by the individual constituents of the solution, \iz. cam- 

* Printed in extenso in Chera. News, vol. xxxiv. pp. 127 & 135, and in Pharrn. Jouro. 
Sept. 23, 1876. 
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plioric acid, peroxide of hydrogen, &c. In the last part of his research the author 
has resumed the thread of his researches previously published, and found that 
menthene (C, 0 H 18 ), whether derived from solid or liquid Japan camphor (by the 
action of Znul 3 ), produces, on atmospheric oxidation, among other bodies peroxide 
of hydrogen, acetic and formic acids, &c. Now Wright (Journ. Chem. Soc. ser. 2, 
vol. xiv. p. 2) has obtained from menthene, by the action of bromine, cymene ; and 
so the conclusion stuted in the author’s previous papers that all hydrocarbons con- 
taining cymene as a proximate nucleus give peroxide of hydrogen on oxidation is 
confirmed. 

Wright has also failed to obtain cymene (C 10 H u ) from clove terpene (C 15 H 24 ), 
a result in accordance with the author’s observations previously made to ‘the same 
effect. 

The author has submitted the ethers also to atmospheric oxidation, and in this 
way results have been obtained which are of the greatest interest and importance. 

PHI 

Ethylic ether q 2 jj 5 > O absorbs oxygen even in the cold, but more readily in sun- 
shine, and gives rise in the presence of water to peroxide of hydrogen, which may 
result from reactions represented by the following equations : — 


0) 

( 2 ) 

( 3 ) 


C 2 II, 
C, 


$:K o -c;£:^ o + ir ’ 0 ’ 

C a H* 0 1 0+ = % h’ O I °* +I1 * O’ 

%S : 8( 0 J+ 2H a O= C »g’ 0 } 0+ C ’{{» 0 } 0+H 2 0 a ; 


or (3) may be written thus : — 


Cf 1 ,000), H IIO ) _ CH, COOII 
CII a CO 0 f + HIIOf - CH‘ COOII 



That is to say, the ether may, in the first place, become acetic ether and eliminate 
water ; secondly, the acetic ether may become anhydride, and the latter may be 
finally converted into peroxide. This peroxide, being unstable in the presence of 
water, splits up into acetic acid and peroxide of hydrogen. 

These results are confirmed by the fact that Brodie discovered acetic peroxide 
by acting on acetic anhydride with baric dioxide. 

* These equations are, moreover, exactly parallel with those indicated by the author 
as representing the production of hydric peroxide from turpentine, and it is to their 
substantiation that his efforts in the future will be directed. Meanwhile he claims 
that they experimentally demonstrate clearly for the first time the existence of the 
radical hydroxyl in combination ; and, in short, the production of peroxide of 
hydrogen in the way described amounts to the isolation of hydroxyl in combination 
with itself. 


On two new Hydrocarbons from Turpentine . By A. C. Letts. 


On Soda Manufacture, By J. Mactear. 


On the possible Genesis of the Chemical Elements out of a Homogeneous Cosmic 
Gas or Common Vapour of Matter . By Dr. Mac vicar, FM,S,E, 


On Essential Oil of Sage . — Part I.* By M. M. Pattison Muir, F.B,S.E. 

This oil has a yellow-brown colour, without any shade of green, a strong sage-like 
odour, and a hot burning taste. Its reaction is neutral. Sage-oil does not deposit 

* Published in the Year-book of Pharmacy, 1876, p. 560. 
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any solid matter nor resin after standing for some months exposed to air ; neither 
does its reaction alter. The oil rapidly absorbs oxygen from air. It is most ener- 
getically acted upon by strong nitric acid, also by sulphuric acid, which appears to 
polymerize some of the constituents of the oil. Hydrochloric acid gas produces one 
or perhaps two liquids, but no solid clilorhydrates ; these are scarcely, if at all, de- 
composed b\ prohiiijri-il agitatation with warm water. The specific gravity of sage- 
oil is 0 9339 at 14° (J. After prolonged fractionation the oil splits up into four main 
portions — two liquids, almost certainly terpenes, boiling respectively at 157° and at 
167 u C. ; a liquid, probably <*.»m «t‘ ising oxygen, boiling at J98 o -203°; and a solid 
camphor melting at 187° 0. Ihe terpenes both appear to contain cymene, as by 
treatment with sulphuric acid, the liquid being caretully kept cold, and distillation 
in steam, cymene is obtained. These terpenes yield brominated compounds, which 
split up, on distillation, intohydrobromic acid and cymene ; the brominated compound 
from the lower boiling terpene is much more stable, however, than that from the 
terpene of higher boiling-point. For the oxygenized liquid constituent of the oil 
the name of salviol is proposed. The terpenes both yield tereplithalic acid on oxida- 
tion with weak chromic liquor. 


On the action of Dilute Saline Solutions upon Lead*. 

By M. M. Pattison Mutr, F.R.S.E. 

After generalizing former results the author describes experiments carried out 
under varying conditions, which seem to prove : — 

(1) That increase of surface of lead exposed is generally associated with increase 
of lead dissolved. This conclusion does not, however, invariably hold good ; the 
nature of the salt in solution, the time of action, See. influence the action. 

(2) That exposure of large surfaces of liquid to the surrounding air very gene- 
rally causes an increase in the quantity of lead dissolved, this increase being most 
marked in the case of those salts (nitrates &c.) which enable water to exercise a 
notable solvent action upon lead, and after the expiry of lengthened periods of 
time. 

(3) That the solvent action of dilute saline solutions upon lead increases in an 
ever-increasing ratio with increase of time of action (longest period tried = 5Qo hours), 
except in the case of potassium carbonate solutions, where a point of maximum 
action appears to be reached after the expiry of about 340 hours. 


On certain Compounds of Bismuth +. By M. M. Pattison Muir, F.R.S.E. 

In this paper the following salts of bismuth are described : — 

Bismuthous trichloride ana tribromide : the action of hydrogen upon these salts 
is detailed. Attempts to prepare a chloride higher than Bi(Jl„ which led to no 
positive results, are described. A m m on io - bism nth ous tnbromides, Pi Br, . 3NH.,, 
I3i Br, . 2NII 3 , and 2Bi Br 3 . 5NII 3 ; bismuthyl oxy bromides, Bi 4 Br 0 (),, and Bi n Br- 
O n j bismuthic bromo-nitridc , Bi N a Hr ; hypobismuthic hydrate , Bi a O t . IJ a O ; ana 
a number of chromates of bismuth, the principal of which are : — bismuthyl chromate y 
(Bi 0) 3 Cr 0 4 ; bismuthyl dichromate , ( Bi (J) a Cr 2 0 7 ; monohydrated bismuthyl dichro - 
mate, (Bi 0) a Cr a 0 7 . H a O j and monohydrated bismuthyl tetrach r ornate, (Bi()) i Cr i 
0 M • H a O. 


On Relations among the Atomic Weights of the Elements. 
By J. A. It. Newlands. 


On the Alum Process in Sugar-refining. By J. A. It. New lands. 


* Vide Proo. Manch. Lit. and Phil. Soc. 1876-77, pp. 1 & 142. 
t Joum. Chem. 8oc. vol. i. 1876, p. 144, vol. ii. p. 12, and vol. i. 1877, p. 24. 
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Note on some new Anthracene Compounds, By W. H. Perkin, F,R,S, 

A very dilute solution of anthracene in carbon disulphide, when cooled to 0° C. 
and treated with bromine, yields an addition product, a “ dibromide of anthracene,” 
C 14 Il l0 Br 2 . It is a very unstable body, rapidly decomposing at the ordinary tem- 
perature of the air, with evolution of hydrobromic acid ; when heated it also gives off 
this acid, and is converted into monobromanthraoene, C n H 0 Br. 

If chlorine be used in place of bromine, a “ dichloride of anthracene,” C, 4 Il 10 01 2 , 
is produced, which is even less stable than the corresponding dibromiae j when 
heated it decomposes and yields monochloranthracene, C u H 9 01. 


On Picoline and its Derivatives*. By William Ramsay, Ph.D, 

The following salts of picoline were prepared : — 

The hydrochloride , deliquescent, melting at 160° C. 

The hydrobromide , melting at 187°. These two salts may be crystallized from 
impure picoline. 

The dibromide of picoline hydrobromide. — Prepared by treating the hvdrobromide 
with bromine. It forms golden-yellow scales, and melts at 85°. It is sparingly 
soluble in water. 

The dnodide of picoline hydriodide. — Formed when picoline hydriodide is distilled. 
Reddish-brown crystals, which melt when brought in contact with water ; soluble 
in alcohol and in ether. Melting-point 79°. 

The formula of Anderson’s trichloropicoline hydrochloride is disputed, both from 
the results of anal} sis, from its method of preparation, and from its properties. It 
appears to be a hypochlorite, and to contain the group (O Cl). The white powder 
to which Anderson ascribes the formula C 0 Il 4 Cl, X . IIC1 is a product of the action 
of water on an oil obtained by projecting picoline into chlorine gas. 

Picoline dibromide , (' 0 II 7 iS . Br 2 , formed by the action of a solution of bromine 
in chloroform on picoline, and 

Picoline iodochloride , C 6 IL N . Cl I, prepared in a similar manner, are crystalline 
solids. The halogens, therefore, act on picoline to form at least four distinct sub- 
stances : — 1, a direct addition compound containing picoline plus two atoms of halo- 
gen ; 2, a substitution compound which undergoes alteration when brought in con- 
tact with water ; a salt of the halogen acid ; and 4, an addition-product con- 
taining two atoms of the halogen combined with the haloid salt. 

The ferrocyanide forms white crystals. 

Th e platinucyan ide consists of Urge pale yellow rhomboids. It crystallizes with 
411., O 

The tartrate forms long white needles. 

The citrate is uucrystallizable. 

The phosphate is a white deliquescent crystalline mass. 

The chlorate forms very thin diamond-shaped crystals. 

The following compounds with alcohol radicals were prepared : — 

The methyl iodide, bv mixing equivalent quantities of methyl iodide and pico- 
lino. Long white needles, which melt at 22G° , 5-227°. 

The methyl chloride is an extremely deliquescent salt, and crystallizes from alcohol 
in needles. 

The methyl nitrate forms large trausparent prisms. 

The methyl hydrate , prepared by means of moist silver oxide, rapidly becomes 
discoloured in the air, and when acted on, first with bromine, then with ammonia, 
assumes a red colour. No methylamine was e\ohed on boiling its aqueous solu- 
tion. 

The diivdidv of the methyl iodide y 0 (j II 7 N (CII,I) I 2 , crystallizes from alcohol in 

* Vide Plul. Mug. 1879, vol. ii. p. 2(59. 
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feathery bluish-black crystals. It is prepared by dissolving iodine in an alcoholic 
solution of the methyl iodide. 

The ethyl iodide is analogous to the methyl iodide ; and the ethyl hydrate gives 
a similar reaction with bromine and ammonia. 

The ethene bromide forms small hard prisms, which melt at about 270°. The 
ethene chloride crystallizes from alcohol in needles. 

Picoline atttjl compounds are all sirups, with exception of the platino-chloride. 
The hydrate is more stable than the methyl, ethyl, or ethene hydrates, and after 
evaporation at 100° dissolves in alcohol with a brilliant purple colour, which may 
be communicated to silk. 

As picoline is not decomposed by potash in any form, it cannot be a nitrile or a 
carbonine. It is not altered by being passed through a red-hot tube filled with 
lime or lead peroxide. Boiling sulphuric acid and nitric acid, or a mixture of both, 
have no action on picoline ; but when the nitrate is heated it undergoes complete 
decomposition into carbonic acid and probably water. 

Picoline probably does not contain a methyl group ; for on oxidation it yields 
Dewar’s pvridene aicarbonic acid. This acid is not aerived from lutidine, as was 
supposed by Wright. Experiments to prepare the aldehyde and alcohol from 
dieiirbo-pw-idomo acid lead to a prospector success ; and from the alcohol true 
methyl pyridine may possibly be obtained. 


On Glucinum, its Atomic Weiyht and Specific Heat . 
By J. Emerson Reynolds, Al.D. 


On the Utilization of Sewar/e. By W. C. Sillar. 


On the Action of Hy dr iodic Acid on mixed Ethers of the General Formula 
C n IIo n+ i + 0 . CH a * By R. D. Silva. 


On Sodium . By Anderson Smith. 


On the Manufacture of Iodine^. By Edward C. C. Stanford, F . C . S . 

The author gives an interesting account of this manufacture, which in Great 
Britain is confined to Glasgow and its neighbourhood. He gives a resnmt of the 
remarkable fluctuations in the price of iodine, and also of the changes in the uses 
of kelp, or searweed ash, from its first manufacture about a hundred years ago to 
the present time, lie traces its use from the beginning of the present century, 
when it was the principal source of alkali, and when Scotland alone produced 
20,000 tons annually, worth £20 to £22 per ton. During the following 22 years 
the importation of barilla reduced the price of kelp to £10 per ton. Then the 
removal of the duty on barilla, followed by that on salt, reduced it further to £3 
per ton, and in 1831 to even £2 per ton. In 1845 the manufacture of iodine com- 
menced, and kelp was again in demand. The imports and prices are shown in the 
following table (p. GO). 

It was impossible to give the imports of kelp earlier than 1845, as this table was 
obtained with difficulty from indirect sources, the Clyde trust having disposed of 
their books previous to 1850, thus rendering the early history of this interesting 
subject at present inaccessible for statistics. 

It is shown that a large number of makers of iodine in Glasgow at that time had 
been now reduced to three. 

* Vide Corapt. Rend, lxxxi. pp. 323-325. 
t Published in extenso in the ‘Chemical News/ 1877. 
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Kelp imports into Clyde , years ending June 80. 


Year 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Tons of Kelp 

8858 

8174 

8116:8178 

9257 

9384 

10049 

9449 

10923 

8643 

Price of Iodine per lb. 

10/ 

12/ 

12/8 

13/ 

12/8 

14/4 

34/ 

24/8 

15/8 

10/8 








A 

verage 

Kelp... 

9187 









Pr. of 

Iodine 

15/11$ 

Year 

1856. 

1857. 

1858. 

1859. 

I860. 

1861. 

1862. 

1863. 

1864. 

1865. 

Tons of Kelp 

6349 

8641 

8123 

8190 

7754 

9722 

9414 

14018 

11349 

13741 

Price of Iodine per lb. 

13/8 

12/4 

10/6 

9/8 

8/6 

7/ 

5/8 

5/ 

8/4 

7/8 








A 

verage 

Kelp.. 

9730 









Pr. of 

Iodine 

8/10 

Year. . 

1846. 

1847. 

1848. 

1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

Tons of Kelp 

3627 

4000 

4400 

4731 

11421 

7320 

5418 

6491 

! 4679 

5826 

Price of Iodine per lb. 

21/3 

11/ 

11 / 

11 / 

10/8 

8/8 

15/ 

15/4 

12/ 

13/4 








A 

verage 

Kelp... 

5811 









Pr. of 

Iodine 

12/11 

Year 


... 




1841. 

1842. 

1843. 

1844. 

1845. 

Tons of Kelp 






2565 

1887 

1965 

3263 

6086 

Price of Iodine per lb. 


1 . 




5/ 

1 

i 4/8 

6/ 

12/ 

31/1 







A 

verage 

Kelp... 

3133 







i 

i 

i i 

Pr. of 

Iodine 

11/9 


The working of kelp for iodine is minutely described, with the remark that all 
the text-books on the subject describe only processes and apparatus abandoned by 
manufacturers many years ago. The large production of iodine which may bo 
expected from the Chilian caliche is fully investigated and it is shown that the 
possible production far exceeds the utmost output of Great Britain and France ; but 
there are difficulties in the manufacture which have hitherto prevented very largo 
imports from this source. 

The quantities of iodine in several species of sea-weed, and from a large num- 
ber of analyses of specimens from all parts of the coast, are tabulated. The author 
shows that all sea-weeds contain iodine ; but few contain it in the quantity worth 
working. 

These are the deep-sea algas exclusively. 

His own researches are alluded to (Society of Arts, Silver Medal, Feb. 14, 1865?) 
in reference to the great loss of iodine in the present wasteful method of burning 
kelp ; and his suggested improvement of collecting the winter tangle, now generally- 
wasted, and distilling it in closed retorts, is described. The sea-weed is thus con- 
verted into charcoal (which remains in the retorts), and ammoniacal liquor, and tar 
condensed in suitable condensers, and gas, which is used to light the works. 

The gas liquor yields ammonia and acetic acid. From the charcoal, the salts of 
potassium and sodium, with iodides and bromides, are easily washed out, and a 
residual charcoal is obtained which resembles that from bones. This charcoal is 
fully equal to animal charcoal as a decolorizer and deodorizer, and can be very 
cheaply obtained. 

The manufacture affords winter employment to a large and indigent population 
in the winter, when they most need it. It has been carried out on a large scale in 
some of the outward Hebrides, and has quadrupled the produce of iodine and 
greatly benefited the people. 


On Lead Desilverizing by the Zinc Process . By J. E. Stoddart. 


On the Atomicity of Oxygen and on the Constitution of Basic Salts . 
By J. Johnstone Stoney, F.R.S . 


On Zinc . By D. Swan. 


1876 , 
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On the Prevention of the Pollution of Rivers . By Rev. R. Thomson. 


On the Growth of Mildew in Grey Cloth . By William Thomson, F.B.S.E. 

The author described the size used by Lancashire manufacturers, which is nearly 
always more or less strongly acid. 

Two series of experiments on the relative actions of salts, often added by manu- 
facturers to their size, in aiding or retarding the development of mildew, showed 
that the free acid present, together with dampness, is the most fruitful cause of 
mildew ; and if the acid be neutralized with soda ash, mildew develops with much 
difficulty, and only after a very considerable lapse of time. 


On the Nitroso Derivatives of the Terpenes. By W. A. Tilden, D.Sc. 


Preliminary Note on a new Iso-purpurine . By W. A. Tilden, D.Sc. 


On the Prevention of Fraudulent Alterations in Cheques JfC. By If. Ward. 


On the Means of Suppressing Alkali Waste. By Walter Weldon. 


New Cotaniine Derivatives . By C. R. Alder Wright, D.Sc. 

When dilute bromine water is added to a solution of cot irnine hydrobromide 
combination takes place, and a crystalline orange precipitate is thrown down con- 
sisting principally of dibrom-hydrocotamine hydrobromide ; if excess of bromine be 
used, the precipitate chiefly consists of tribrom-hydrocotarnine hydrobromide, these 
two brominated bodies being formed thus : — 

Cotarnine. Dibrom-hydrocotarntne. 

0„ H l3 N0 3 , II Br+Br,=C u II,, Br, NO,, HBr. 

Tribrom-hydrocotarnine. 

C ia H ia Br a N0 3 , IIBr+Br a =H Br-f C la ll la Br 3 NO,, IIBr. 

If hydrocotarnine hydrobromide be used instead of cotarnine hydrobromide, and 
excess of bromine be added, the same tribrom-hydrocotarnine hydrobromide is 
formed, thus : — 

Hydrocofcamine. Tribrom-hydrocotarnine. 

C la Il 15 N0 3 , IIBr -f-3Br a = 311 Br-f C la II la Br la N0 3 , IIBr. 

Dibrom-hydrocotarnine hydrobromide loses the elements of hydrobromic acid, 
forming bromocotarnine hydrobromide on boiling with water, aqueous caustic potash, 
or alcoholic silver hydrate, thus: — 

C la II 13 Br a N0 3 , IIBr = HBr +C ia H la BrNO a , HBr. 

The bromocotarnine thus formed resembles cotarnine in many respects ; its salts 
are crvstallizahle and verv soluble ; the base when crystallized from ether is repre- 
sented by C ia H 3 BrNO a , fl a O, the associated water being lost at 100° with partial 
decomposition just as with cotarnine. When heated to about 180°, hydro bromic 
acid is evolved ; the residue contains a blue product insoluble in boiling alcohol, ben- 
zene. chloroform, petroleum, turpentine, carbon disulphide, and ether, but sparingly 
soluole with a brilliant blue colour in boiling glacial acetic acid, glycerine, or 
aniline, and readily soluble in cold concentrated sulphuric acid to a most iotensely 
coloured magenta liquid : the colorific power of this body is most remarkable, a 
minute speck scarcely visible giving a aoep coloration to "a considerable bulk of 
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acid. As yet this body has not been obtained in sufficient quantity and sufficiently 
pure for analysis $ the fact that concentrated warm sulphuric acid does not char it, 
but only dissolves it, suggests some constitutional similarity to indigo. 

Tribrom-hydrocotarnine hydrobromide breaks up, on heating to 180-200°, in 
accordance with the reaction, 

C u H la Br 3 NO a , IIBr=CH 3 Br-f HBr-fC u H 8 Br N0 3 , HBr, 

methyl bromide and hydrobromic acid being evolved and the hydrobromide of a 
new base being left. After due purification the free base is obtained from 80 per 
cent, alcohol in bright orange crystals containing C n H 8 BrN0 2 , 2II a O, the water 
of crystallization being lost at 100° and a brilliant crimson anhydrous base being 
left. This crimson mass is a delicate test for the presence of moisture in nearly 
absolute alcohol ; when crystallized from such containing only a minute trace of 
moisture, orange hydrated crystals are thrown down on cooling, whilst crimson 
anhydrous crystals are formed when very carefully dehydrated alcohol is employed : 
it may be noted that long standing over and distillation from a large bulk of quicklime 
does not sufficiently dehydrate ordinary 90 per cent, spirit to give crimson crystals 
by this test. 

The salts of this base readily crystallize ; the hydrochloride and hydrobromide 
are of a straw-yellow colour and ■ ’ in cold water ; on adding sodium 

carbonate to the warm only slightly yellow aqueous solution, bright orange crystals 
of the free base separate rapidly on stirring. 

The bromine in this base is apparently incapable of elimination by nascent hydro- 
gen ; it is proposed to designate it hromotarconine , “tarconine ” (anagram of nar- 
cotine and of cotarnine) being the (as yet hypothetical) non-brominated base 
C n H„N0 3 , differing from cotarnine (C 12 II l3 NO s ) by the elements of marsh-gas. 


On the Alkaloids of the Aconites. By C. It. Alder Wright, I). Sc. 

The results communicated to the Association last year, together with those 
obtained by Duquesnel, seem to point to the inference that when a mineral acid is 
used to acidify the alcohol used in the extraction of alkaloids from aconite roots, 
alteration of the base or bases originally present takes place to a greater or less 
extent, owing to the influence of the heat employed to evaporate the alcoholic 
extract ; whereas if tartaric acid be used, and the extract be evaporated at as low a 
temperature as possible, as in the experiments of Duquesnel, much less alteration 
takes place and a considerable amount of abase crystal lizable from ether is obtained. 

Two cwt. of Aconitum napellus were worked up by this latter process for the 
purpose of examining more closely the character of the crystals thus obtained ; the 
extract, evaporated gently to a small bulk, was treated with water and filtered from 
precipitated resin ; the aqueous filtrate then yielded a semicrystalline precipitate 
when treated with potassium carbonate in slight excess. This precipitate was 
fractionally crystallized from ether and other solvents, and finally split up into a 
large number of fractions ; no evidence, however, could be obtained of the presence 
of more than one crystalline base ; all the fractions, when sufficiently purined from 
a small quantity of an obstinately adherent non-crystalline base of lower molecular 
weight, gave identical numbers agreeing with the formula C S3 H 43 NO ia , the gold 
salt being indicated by C 33 II 43 N0 la HC1, AuC1 3 . 

This crystallized base, to which it is proposed in future to restrict the term 
aconitine , is eminently active . and agrees closely in all its properties 

with the “ crystallized aconitine ” of Duquesnel obtained by the same process, the 
different formula arrived at by Duquesnel (viz. 0 a7 II 40 Nt) ja ) being apparently 
due either to impurity in the substance examined or to analytical imperfections. 

The base, crystallizable from ether, obtained in small quantities from A. napellus 
by extraction with alcoholic hydrochloric acid, as described in the Brit. Assoc. Rep. 
1875, p. 38, gave last year numbers from which the C 33 H 4 , NO u , or one closely 
similar, was deduced ; after further purification, however, this substance was found 
to be perfectly identical with the aconitine above described, giving numbers repre- 
sented by C 33 H 4I NO, a . 
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In order to purify aconitine co 
lize from ether, but which obstinately i 
that and other menstrua, it is sufficient to dissolve the approximately pure snow- 
white crystals already crystallized several times from ether in warm dilute hydro- 
bromic acid ; on cooling and standing, well-defined crystals of the hydrobromide of 
aconitine separate, the other base being completely retained in the mother liquors ; 
the drained and washed crystals yield perfectly pure aconitine on dissolving in water, 
precipitating by sodium carbonate, and crystallizing the precipitate from ether. 
This non-crystalline base does not appear to form crystaflizable salts ; it has ft 
considerably lower molecular weight than aconitine. Whether it is originally 
present in the roots, or is formed by alteration of the crystallizable aconitine during 
the extraction process, is not yet made out. 

These results, and those obtained last year, clearly point to the desirability of sub- 
stituting for medicinal purposes the uniform homogeneous crystallized base (or ft 
salt thereof) for the more or less amorphous mixtures of aconitine and other sub- 
stances and alteration products usually found in pharmacy, inasmuch as some at 
least of these admixtures are considerably less physiologically potent than aconitine. 

c u 4 I no u . ; 

Further experiments on the constitution of aconitine and the amorphous base or 
bases are in progress. 


GEOLOGY. 

Address by Professor J. Young, M.D., F.O.S., President of the flection. 

When the British Association met in Glasgow twenty-one years ago, Sir Roderick 
Murchison presided over Section C, and was surrounded by a brilliant company, 
whose names, now historical, were even then familiar for their accuracy of observa- 
tion, for philosophic generalization, and for the eloquence with which their science 
was clothed in words that charmed while they instructed — Lyell, Hugh Miller, 
Sedgwick, Jukes, Smith of Jordan Hill, Thomas Graham, Agassiz, Salter, Leonard 
Horner, John Phillips, Robert Chambers, II. I). Rogers, Charles Maelaren, Sir W, 
Logan : the list is a heavy one even for twenty-one years ; and the changed cir- 
cumstances will be fully realized by Nicol, Harkness, Egerton, Darwin, Ramsay, 
and others when they find Murchison’s place occupied by one who holds it rather 
by the courtesy of the Council to the Institution in which we are assembled than 
by any claim he has to the honour. 

It would be out of place for mo to do more than refer to the Geological advantages 
which have given to Glasgow its commercial greatness. In the Handbook prepared 
at the instance of the Local Committee will be found gathered ‘together all the 
positive knowledge we possess regarding the mineralogy, stratigraphy, and palaeon- 
tology of the west of Scotland. The specimens themselves are exhibited in the 
Hunterian Museum and in the Coiporation Galleries ; and I take it upon me to say 
the Glasgow geologists are as ready as ever to assist the investigations of students 
in special departments with all the material which richly fossiliferous strata yield 
and the careful skill of assiduous collectors can secure. 

Thus relieved from entering into local details, 1 would ask your attention for a 
short while to some of the difficulties which a teacher experiences in summarizing 
the principles of Geology for his students. 

I may be pardoned for reminding you that as vet there are in Scotland only two 
specially endowed teachers of Geology. In the Universities, that science for which 
Scotsmen had done so much received only the odd hours spared from Zoology. In 
1807 the two courses were separated in Glasgow; in 1 870 Sir R. I. Murchison 
founded the Chair of Geology in Edinburgh ; in 1870 Mr. Honymnn Gillespie 
endowed a Lectureship on Geology in Glasgow, not separating it from Zoology, but 
rather desiring the two to remain associated, while means were provided for tutorial 
instruction in the elementary work of the class, When next the Association meets 



TRANSACTIONS OF THE SECTIONS. 


73 

in Glasgow, I hope that the services which science has rendered to mining and 
metallurgy may have been recognized by those who have reaned the benefit. 
During the efforts of years to obtain provision for systematic teacning in Mining 
and Metallurgy, practical and scientific have always been set in opposition by those 
whom I addressed. In another twenty years it may have become apparent that it 
is possible for a man to be both practical and scientific, and that the combination is 
most conducive to economy. 

Geology occupies the anomalous position of being a science without a special ter- 
minology, a position largely the result of its history, but to some extent inherent in 
its subject-matter. Treated of by Ilutton and Playfair and their opponents in the 
ordinary language of conversation, current phrases Were adopted into science, not so 
much acquiring special meanings as adding new ambiguities to those already 
existing. Every one seemed to understand them at once ; and thus, as no one was 
obliged to attach \ery precise meanings to them, the instruments of research became 
its impediments, and the phrases in common use at the beginning of the century 
have transmitted to the present day the erroneous ideas of those by whom they were 
first employed. When L)ell, in 18.12, methodized the knowledge accumulated 
prior to that date, lie had, in organizing the science, to choose between inventing 
an appropriate terminology and adopting that in common use. By doing the latter 
he promoted the popularity of the science, though at the cost of some subsequent 
confusion ; by attempting the former he would have set in arms against him those 
who \v ould, according to the pedantry of the time, have denounced his neologisms and 
found in them a decorous veil for the objections which they entertained on other 
grounds to his views. Ly ell was not the man to face the latter difficulty; nor can 
it be charged against him that he was wittingly neglectful of the interests of 
science. But to the use of conversational language are traceable certain assump^ 
tions to which I desire to diaw your attention. Ill ventuiing criticism of this kind 
I am not unmindful of the Nemesis which has overtaken my colleague, Sir W. 
Thomson for his comments on Eyell’s language. Thomson took exception to lan- 
guage which implied a kind of peipetual motion, a circulation of energy at vaiiance 
with the teaching of ph) sics: and, behold, two or three years after, Lock} er has 
published, as a physical astronomer, and Brest with has approved, as a geologist, the 
opinion that the temperature of the sun may have iluctuated, that, in fact, changes 
of chemical combination may from time to time have refreshed the heat of the 
planet, whose uniform rate of cooling Sir William had assumed. 

When stratigraphical geology lirst received due attention, the notion was pre- 
valent that each formation terminated suddenly by cataclysm ; it was therefore 
natural that the British succession, the earliest to be tabulated in detail, should be 
taken as a standard for other countries, and that the enumeration of the series 
should be a generalized section in which 'were incorporated those strata not pre- 
sent in Britain. The “ intercalation ” of beds thus practised to make an “ incom- 
plete ” series u complete, ’’ still suni\es, as do the terms, though the notions which 
underlie them are formally denied by those who use them. A patriotic fellow- 
couiitrvman once surprised us by his \elieinent denunciation of a treacherous Scot 
who called the La mirk shire Limestones meagre and incomplete as compared with 
the English. With knowledge he might have made his criticism useful ; as it was, 
he only gave a fnsli example of the national peculiarity which, if it cannot prove 
Scotland to be better off* than its neighbours, is conteut if it can make it out to be no 
worse. The abundant fossils of the Mesozoic strata of England aud France ren- 
dered comparison ons\, and created the impression that eoncliology was the ABC 
of geology, physical being subordinated to palaeontological evidence. The balance 
has been somewhat restored by the Geological Survey, the precision of whose 
physical observations enables them to guide the palaeontologist as often as they 
have to be guided by him. But one legacy from our predecessors we have not got 
rid of; nor, indeed, has its value been much called in question. 

The process of intercalation had at lirst to do only with observed gaps, into which 
obvious equivalents could he received. But as the needs of speculative Biology 
rapidly increased, in the same ratio did belief in the imperfection of the geological 
record increase, till now wo have that record described as a most fragmentary 
volume, nay, as the remains of the last volume, whose predecessors are lost to us. 
1870. 3 
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Sir W. Thomson did good service by calling in question, on physical grounds, 
the indefinite extension backwards of geological time. The firstfruits of hia crusade 
were the definitions of Uniformitarianism and Evolution which Prof. Huxley gave. 
Henceforth no one will maintain the onesided notions regarding these two opposing 
views of the earth’s history which were adopted in ignorant misconception or dic- 
tated by conceit and bigotry. But the service done was even greater; for while it 
became clear that a knowledge of physics w as indispensable to him who would 
promulgate sound notions, it was further apparent that both biological and geolo- 
gical evolution had a limit in lime, that in 1‘act, on the assumption of the primitive 
incandescence of our globe, the date might be at least approximately fixed when 
the mechanical processes now at work commenced and when the surface of the 
earth became habitable. Nothing more has yet been done than to point out the 
way; for, though Prof. Guthrie Tait indicates a limit of from 15 to 10 millions of 
years, that statement can only be regarded as in effect, though not perhaps in in- 
tention, a protest against the liberality and vagueness of Sir W. Thomson’s allow r - 
ance, which gave geologists a range of from one to two hundred millions of 
years. 

The reconciliation of physicists and geologists is not likely to come through 
Mr. Lockyer’s researches, e\en if the earth’s history he shown to have 
been identical, unless the renewal of the earth’s heat be shown to be compatible 
with continued life on the surface. If the reconciliation is looked for through the 
prolonged duration of the sun’s life, that being the gauge of the earth's duration, 
the expectation is still based on the supposed need of very great time for geological 
processes, or rather on the supposed need of very great time for biological evolution, 
to which geological evolution has been squared. There is another direction in 
which these results may help us to meet the limitation assigned by the physicists : 
the intervals of variation of temperature may be shorter than those which separate 
the maxima of eccentricity of the earth’s orbit; and thus the repeated cold periods 
of which we have suggestions in the stratified rocks, may have recurred within a 
shorter total period than is at present claimed. 

It is scarcely within the compass of this address to enter into the questbns in- 
volved ; but it is permissible to indicate the reason for delaying meanwhile accep- 
tance of any precise limit of time. There is as }et too much diversity of opinion 
as to the elements of the problem. Physicists are by no means at one as to the 
conditions which permit or prohibit shifting of the earth’s axis. Calculations are 
based on the assumption of the regularity of the earth's form, under a certain con- 
stant relation of the masses, albeit of diverse specific gravity, which compose it. 
It is moreover assumed that the ratio of land and water have been uniform, though 
the formation of the grand features of the land by contraction of the cooling mass 
has not yet been considered ns affecting this assumption bv altering the disposition 
of the water. On the one hand it has been shown that the existence of uniform 
temperatures over the earth’s surface is a gratuitous hvpothcsis ; on the other 
hana it is clear that the existing distribution of light and heat is incompatible with 
the flourishing of an abundant Caiboniferous and Miocene flora within a short 
distance of the north pole. One expects that astronomers will look to the shifting 
of the axis of rotation as the possible explanation of the difficulty, taking into 
account likewise the shifting of the centre of gravity necessarily following those 
displacements of matter which, on the contraction theory, have determined the 
positions of the main continents and oceans. 

Mr. Evans, in his address to the Geological Society, referred to the deviation of 
the magnetic axis as perhaps due to such shifting of the materials composing the 
inner mass of our globe. Alay not the conjectures of 31. Elie de Beaumont be 
after all in the right direction *t May not the change of trend which led him to 
classify the mountain-chains by reference to the age at which they had been ele- 
vated, be associated with movements which did not in all cases result in shiftings 
of the earth’s axis so pronounced as those which permitted the Carboniferous and 
Miocene floras to invade successfully the arctic regions, or the phenomena of the 
glacial epoch, or epochs, to manifest themselves in the low latitudes where their 
traces have been recognized ? 

Waiving, for the present, inquiry into the influence which the admission of a 
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Possible shifting of the earth's axis might have on our estimate of geological time, 
I shall return to the phraseology whose amendment seems advisable. 

The confusion which exists is well illustrated in a remark by an eminent writer 
to the effect that the progress of geological research tends to prove the “continuity 
of geological time.” The phrase in itself involves an absurdity ; but what is meant 
is, that the successive so-called formations pass into each other by imperceptible 
gradation, and that, as time goes on, we shall be more and more able to intercalate 
strata so as to present a continuous scale of animal and vegetable forms. This is 
one out of many samples of the extreme length to which the thirst for strict 
correlation may go. We find in Murchison’s writings and elsewhere pointed pro- 
tests against the succession of strata in one district being held to rule that in other 
districts ; but these are rather concessions wrung from their author by the pressure 
of particular instances than acknowledgments of a rule applicable to contiguous 
and to distinct localities alike. I could not perhaps take a better example than the 
strata which contain the remains of the fossil Eyuidcc. If we arrange the fossils in 
any series representing the modification of particular structures, or averaging the 
modifications of all the structures, we shall find that the terms of the series are met 
with, now in Europe, now in America ; yet no one would venture to intercalate 
the European in the American Tertiary series so as to square the geological record 
with an assumed zoological standard. The notion of gradations, the extreme view 
of correlations, has led to results which are, to put it mildly, of doubtful value. 
Yet it was a natural result of the work of Cuvier and other palaeontologists among 
the Mesozoic and Eocene fossiliferous deposits. Tho statistical method invented 
by Lyell is simply a mode of gradations. Intercalation of strata is therefore a 
survival from an earlier stage of the science, and carries with it a distinct echo of 
the catastrophic notion that strata were formed simultaneously and generally over 
the earth’s surface, if not universally. 

The geological record has been compared to a volume of which pages have 
hero and t lie re disappeared ; and the incompleteness of the record has been in- 
ferred from the frequency of pronounced gaps in the succession of strata. Of these 
gaps, these unconformities, Prof, ltamsay has shown the importance by demon- 
strating that they represent the lapse of unknown, but varying, and in all cases 
considerable periods of time. The intercalation of strata, assumed to fill up the 
gap, and hereby to give symmetry to systematic classifications, can only be done by 
an appeal to the statistical method, a fauna containing forms characteristic of higher 
and lower beds being assumed to represent an intermediate point in time, whereas 
it might be equally well claimed as representing an intermeaiate area in space, and 
as being possibly representative of the whole gap and of some of the strata above 
and below it. 

The definition of a formation as representing a certain period of time, still re- 
peated with various modifications, is to blame for this and several other curiosities 
of procedure. But the climax of symmetrical adjustments is reached when we find 
“natural groups ’’established — when, in other words, an attempt is made to show a 
regular periodicity of phenomena in Geology. Dawson proposed a quaternary, 
Hull a ternary classification — to neither of which should 1 now refer, but that tne 
deserved estimation of these writers is apt to perpetuate what seems to be an unsafe 
view of geological succession. 

Hull’s arrangement has the merit, by force of its simplicity, of bringing the 
vainness of the attempt into prominence." Dawson lias complicated his classification 
so as to render it impracticable. A natural group of strata, one in which elevation, 
deep depression, elevation, record themselves in rocks so as to establish geological 
cycles, implies several things for which w r o have no evidence. Most important of 
all, it implies that the events abo\e noted should recur in every area in the same 
order, that they should recur at equal intervals of time, and therefore yield equal 
masses of strata, and, above all, that the superior and inferior limits of each natural 
and conterminous group should consist of a mass of similar strata, one portion of 
which shall belong to tne earlier, the other to the later group. Here then we have 
implied, not catastrophic simplicity as regards the strata, but something very like 
it as regards the subterranean forces. 

Mr. Hull has not, however, been able to surrender himself wholly to his specula- 

8 * 



REPORT — 1876. 


7 $ 

tion. He has admitted a Gaps”— -breaks, that is to say, for which he finds no equi- 
valents in the British series — the strata that should occupy these gaps having been 
either removed by denudation or never deposited, the British area lieing at these 
times above water. The concession is fatal to the scheme. But the very use of 
the word gap recalls the phrases “ complete ” and “ incomplete,” and their nearest of 
kin, “ base of a formation.” Prof. Ramsay used the word u break ” to mark hia 
unconformities ; but no term has been proposed for u the base of a formation.” The 
term was in constant use when such base was always claimed to be a conglo- 
merate. That notion is now exploded ; but no distinction is drawn between the 
lowest bed of a group of conformable strata, and the bed or beds which repose 
unconformably on those below them. Thus the London Basin has the Tlianet beds, 
the Reading beds, and the London (day successively resting on the Chalk; and each 
of these is the base for its proper locality, unless it be asserted that in this and 
similar cases the lowest beds once covered a wider area and were then removed. 
But a more important case is presented by tho great calcareous accumulations of 
the Carboniferous and Chalk series. The Lower Greensand is to the latter series in 
England what the lowest stratum of the chalk would bo if wo could get at it. Tho 
Carboniferous Limestone rests directly on the Red Sandstone in Central England ; 
further north it rests on the ( -alciferous Sandstones. Thus the base of the forma- 
tion varies according to locality, or rather according to the circumstances of depo- 
sition; and we not'd a term which would indicate a difference between the conform- 
able and unconformable succession. Mr. Judd has lamented the equivocal use, by 
English writers, of the term formation, w Inch etymologically is as well applied to the 
Chalk without Hints as to the whole Cretaceous series. He atLocates “ system ” as 
applicable to the larger groups — the Cretaceous system for example. But it seems 
as if the time were come for still further restrictions of either or both terms. 

The analogy of the geological record to an incomplete volume is, like most 
analogies, at once imperfect and misleading. Rather might the record be compared 
to the fragments of two volumes which ha\e come to he hound tog-ether, >o that it 
is not possible to recognize the sequence. Or perhaps it might be belter compared 
to a universal history in which, by omi.-sion of dates, the chronology is thoroughly 
obscured, and the necessary treatment of each nation by itself conceals the con- 
temporaneity of events. We have the aquatic record and the terrestrial record : and 
these two are going on simultaneously. It is as yet, and probably always w ill be 
impossible to recognize t lie marine deposits which correspond to the terrestrial 
remains, save perhaps in the most recent geological times. We now know that 
the life of the Cretaceous seas is not wholly extinct in the existing Atlantic Ocean, 
but exists there to an extent which would entitle the deposits of that area to rank 
by the statistical method as intermediate between the Cretaceous and the Tertiary. 
It is obviously impossible to include under one term deposits which are associated 
w’Pi - , * ■ changes so important as those commonly accepted as ha\ing 

' , the Tertiary epoch. The Mesozoic fnms pass gradutllv into the 

Tertiary; how gradually we cannot say, since the deep-sea equi\alenis of the 
European Tertiaries are not certainly known to us. But as a portion sunnes to 
the present day, and as, presumably', the extinction was not iapid (for it is only in 
the case of land-animals that sudden disappearances are as yet probable), it is obxious 
that the successor, the heir, of the Chalk was not the Kocone, nor necessarily the 
Miocene known to us, but probably deposits still buried under the Atlantic. 

My object is to show that even the limitation of time which Prof. Tail pre- 
scribes for us may' not after all be too narrow for the processes which lm\o resulted 
in our known stratigraphy. Mr. Darwin sp< nks of the geologic record being the 
imperfect record of tho last series of changes, the indefinite extension of time anterior 
to the earliest fn«silifcrnus rocks being necessary for the full evolution of organic 
forms. But is there any ground for the naHimption P True that the Laurent inns 
contain fragments of antecedent rock; but were these fossiliferous P Are they the 
remains of land surfaces on which living beings flourished P or are they only tho 
debris of the first consolidated portion of the Larth’s crust, on which if organisms 
existed they may have been the most primitive of our organic series P Mr. 
Jukes refers to the possibility of such earlier strata having existed ; but ho wrote 
when geologists were dominated by- the belief in the indefiniteness of geological 
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time. Now we are brought by physicists like Sir W. Thomson and Captain Dutton 
to face the question, Is there evidence of such earlier masses of stratified de- 
posits P If we allow to the physical argument all the weight to which its advo- 
cates deem it entitled, if we accept 15 millions of years, nay, even if we admit 
100 millions of years as our limit, it follows that we may still regard the earth as 
in its first stage of cooling. But when we turn to the geological evidence, all that 
can be advanced is that the Laurentian strata contain fragments presumably derived 
from earlier strata ; but metamorphosed fragments among metamorphic rocks are 
not the most reliable guides, and there is the positive evidence that the Laurentian 
area has not been covered to any extent, if at all, by later deposits. So far as 
direct proof goes, therefore, we have none that the earliest known stratified rocks 
are not also the earliest deposited after cooling. Even if we disregard the limits 
imposed by the philosophers, liberal though they are in Sir W. Thomson’s hands, 
the absence of proof that later deposits covered Laurentian areas seems entitled 
to greater weight than is usually allowed to negative evidence. At best the asser- 
tion of antecedent strata is an arbitrary one, which any of us is at liberty to con- 
tradict, and in favour of which no physical evidence, and only zoological prejudices 
can be adduced. The earliest stratified deposits known are the Laurentian ; and 
they are, so far as we know, the earliest to have been deposited. 

But apart from these possible though improbable earlier deposits, geological 
time is said to be lengthened by the missing strata of later periods. Mr. Oroll has 
given great prominence to this, which is another of the things taken for granted in 
geology. r< linin' utinu r on Mr. Huxley’s remark that if deposit went on at the 
rate of 1 fool for 10h() years, the 100,000 feet of strata assumed by him to form the 
earth’s crust would be laid down in the 100 millions of years which Sir W. Thom- 
son had given as the limit, “But,” says Mr. Croll, “what of the missing strata ? ” It 
is commonly said that we have only a part of the deposits of any period, that the 
last have been denuded away, and that thus the timo needed for their deposit and 
for their subsequent removal are out of our knowledge. This is based on what w r e 
see oil the shore whim the tide rises and falls and washes off at each turn a part of 
the sand and mud laid down in the interval. But the older deposits were laid 
down in deeper water than that between tide-marks, and were for the most part 
laid down during subsidence. Even admitting removal of part of the strata to 
have taken place during re-emergence, the quantity so withdrawn cannot be proved 
lo represent more than a small fraction of tile total. To provide the needed elon- 
gation of geological time h\ an appeal to arbitrary speculations is not admissible. 
Belief on belief is, as Butler says, bad heraldry. The denudation to which im- 
portance is justly ascribed is that represented by an unconformity. Re-elevation 
lias been accompanied by disturbance of the area from a different centre than that 
around which subsidence took place. The strata are worn obliquely; and thus 
thickness of the mass at one place is greatly diminished, though it does not follow 
in all cases that the maximum thickness of the strata lias been affected. 

The importance — as I deem it, the excessive importance which is attached to the 
missing strata is asserted bv biologists, who apparently unconsciously seek to gain, 
by prolonging the interval between successive groups, the time which ought rather 
to be sought for in tracing, wore that possible, the migrations of the species which 
seem to have suddenly died out. In other words, there is a reversion to the older 
ideas regarding the succession of strata which are embodied in sucli phrases as 
the Age of Eislies, the Age of Reptiles, and the like. 

But the inequality of surface which unconformity involves, entails that other 
consequence, that die maximum thicknesses of the two masses of deposits do not 
coincide in position. Hence the thickness of the strata in the aiea will be exag- 
gerated, the time spent in deposit also ■ . , ’if the two thicknesses are put 
together. This has been done by Mr. • aw ing inferences from the mea- 

surements given him by Prof. Ramsay, measurements which, on the face of them, 
lo not represent a continuous pile of rock. Mr. Darwin assumes either that the 
Welsh hills ( not to speak of the Hebrides) were covered by all the later strata 
now denuded — or that if we sunk a bore, sny on the erst coast, w r e should go 
through the whole series as tabulated. When Prof. Huxley took 100,000 feet as 
the thickness of the sedimentary series, the same notion was unconsciously present, 
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the same survival of cntastrophism — the onion-coat theory, as Herbert Spencer 
named it. 

The Geological Survey has corrected its tables in one important direction : it 
has shown the contemporaneity of unlike groups in different parts of Britain, the 
distinct types of the Old Red Sandstone, Carboniferous, Permian, and Purbecks 
being placed in parallel columns. To some oxtent this is a curtailment of the 
thickness of the rock series, the dissimilar strata are not piled on each other. But 
the curtailment might be earned still further. The marine and terrestrial con- 
ditions are simultaneous : if we could identify the dry land for each deep sea, we 
should have possibly the overlap of periods producing extraordinary combinations, 
though not perhaps Mesozoic and Palaeozoic faunas contemporaneous. But the 
British series may be tabulated as follows : — 

Land Surfaces . Lacustrine # Fluviatile . Marine. 

Laureutian ? 

Cambrian. Silurian. 

Old Red Sandstone. 

Coal Measures. Calciferous Sandstones. Carboniferous Limestone. 

Permian. 

Trias. Jurassic. 

Purbeck. 

Wealden. Neocomian. 

Miocene. 

Pleistocene. Cretaceous. 

In the case of the Cretaceous series, Mr. Ramsay has given illustration of the 
ingenious views of I)o La Beche regarding the contemporaneity of deposits super- 
posed one on the other. The Lower Greensand is contemporaneous with part of 
the Chalk ; so were parts of the Wealden : nay, even of tne Purbecks a portion 
must have been forming while the Cretaceous tea was gradually deepening 
southward and eastward. 

It may he said that the recognition of the parallelism would not make very much 
difference after all — that it would not one whit lessen the time spent in forming 500 
feet of rock to know that there was elsewhere another 500 feet formed at the same 
time. But the shortening of the geological list by striking out the overlaps of the 
formations, and thus counting them only once, is of itself a matter of some conse- 
quence, since, the maximum thickness of the Cretaceous being nearly .‘1000 feet and 
that of the Weald 1500 feet, even the partial coincidence in time of these masses 
would, on Mr. Croli’s calculation of 1 foot of deposit per thousand years, make 
a considerable difference in the chronology, still more ii the Carboniferous Lime- 
stone be set against its probable contemporaries the Upper Old Red Sandstone and 
Coal-Measures. Mr. Jukes's bold erasure of the Devonians was of itself a very im- 
portant change in the chronological table ; and I doubt not others may yet bo 
achieved. But, it may be said, the Cretaceous still rests on the Wealden { the ver- 
tical thickness still remain*. But is the ordinary method of estimating the thick- 
ness quite reliable Y In some cases, as in the productive Coal-Measures, there is 
tolerable uniformity; but among the lower Coals and tin* Mesozoic strata, where the 
strata or groups of strataare not regular, the maximum thicknesses of all arc, as lias 
been already shown, apt to be taken ; and thus an aggregate more or less in excess 
of the real thickness results. 

But, recurring to an objection already referred to, arrange it as you like, you get, 
say in Wales, a known thickness of 50,000 feet. But the rocks there aw tilted; and 
the absolute depth which they attain in this position is unknown. In North Ame- 
rica the Laurentians are estimated at 30,000 feet ; but though there is every reason to 
believe that they have not been covered to any extent with later deposits, the total 
thickness of the sedimentary crust is, for the same reason as in Wales, unknown. 
Bigsby has shown how varied are the surfaces on which the later deposits are laid 
down ; how great therefore must be the deductions from the sum total of maxi- 
mum or even average thickness of all formations before we approximate to the 
actual thickness of sedimentary deposits at any one point. But take the actual 
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thickness in Wales as given in Jukes’s Manual from the Survey data : for the Cam- 
brians we have from' 23000-28000 feet ; Silurians, Upper and Lower, not counting 
breaks by unconformities, 20000. If denudation takes place at the rate of 1 foot 
in 6000 years, and deposit at the same rate, we should have for the Silurians alone 
120 millions of years needed. If, however, deposit takes place at the rate of 1 foot 
in 14,400 years, 288 millions of years would be needed for the accumulation of the 
surviving strata. It is obvious that the rate of deposit or denudation or both are 
misunderstood. The stratified rocks equal in amount the material denuded ; if we 
knew the total amount of denudation we should know, not merely the residuum 
of rock open to our inspection, but the total amount of stratified deposits which had 
been formed — or at least approximately ; for the deposit of materials removed is not 
synchronous with their removal. Obviously these elements are not known, and 
cannot be known, to us. Mr. Croll, who has investigated the question theoretically, 
assumes that deposit and denudation take place in equal times, and assumes further 
a uniform distribution over the whole or over a part of the sea-bottom. But Prof. 
Geikie’s table shows that, if we are to take averages as a safe guide, the land 
is lowered at the rate of 2 feet in 6000 years. Moreover, if, as Mr. Croll points 
out, deposit was less during the Glacial epoch, the process must have been more 
rapid since ; and thus an irregularity is introduced which impairs the value of the 
calculations. Prof. Hughes, in the brief abstract of his lloyal-Institution address 
which alone I have had the opportunity of seeing, contests the validity of any esti- 
mates of time on the basis of our existing knowledge. 1 do not mean to enter into 
this question ; but I may be allowed to remark that any conclusions founded on mean 
thickness of sedimentary formations are of no value. It is not the time necessary 
for the building-up of a mean thickness, but that necessary for the formation of the 
maximum thickness in particular regions, which we have to consider. 

If the Lauren tian rocks and their equivalents are to be regarded as the earliest 
stratified deposits, or, rather, if there is no reason for believing that they were pre- 
ceded by other stratified rocks, the relation of Huxley’s homotaxis to any classifi- 
cation of strata having the Laurentians as a fixed point is worth investigating. 
The universal diffusion of species in the earlier strata was first the accepted creed 
of geologists. Then it was denied, though the language of the earlier faith con- 
tinued current. Again we return towards the doctrine of extensive simultaneous 
diffusion, but uuder a very much modified form. The 1 Challenger’ reports bear 
testimony to the wide distribution of forms in the deepest oceans ; and when we 
turn from these and compare the lists of fossil species so found widely distributed, 
it appears that here again we have oceanic forms, or at any rate those found in such 
limestones as are safely assigned to a deep-water origin. Ramsay has shown that 
the continental epochs in Western Europe overlasted considerable periods of time. 
The antiquity of the Atlantic and Pacific is certain ; even their primitive character 
is possible. Thus there are two conditions, land and deep-sea, reasoning regarding 
which must be quite different from that applicable to the intermediate conditions. 
It is exactly these intermediate states which present practical and speculative 
difficulty. Theories which account for mountains and oceans fail to explain the 
“ oscillations ” which were wont to be appealed to when terrestrial and marine sur- 
faces succeeded each other. But the assumed movement of the land is by no means 
a certainty ; and, as in the kindred case of faults, we need terms which shall be neu- 
tral, whether the land has moved upwards or the sea shrunk downwards. The 
terms Paheozoie, Mesozoic, and Cainoaoic have long held their places from the re- 
luctance to disturb established nomenclature, as well as from the difficulty of in- 
venting appropriate substitutes ; but if retained at all, we know now that the rela- 
tions they represent are not the same for the terrestrial, the deep oceanic, and the 
intermediate areas, any more than the life is the same under those three conditions. 

I have once before called attention to a grave difficulty in the physical geography 
of Scotland ; and as Mr. Seeley has since then raised the same question without ob- 
taining an answer, I would again state the case, as one which seems to involve the 
revisal of some definitions. 

The Silurian hills of South Scotland are commonly said to have been covered by 
Old Red Sandstone and even by Carboniferous strata— patches of these rocks being 
met with on the south side of tbe fault which defines these hills, with their abrupt, 
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coast-like margin seen from Edinburgh or from Symington station on the Caledo- 
nian line. But the surface of these Silurians was denuded before the Old Red 
times, as Mr. Geikie has showed. Nay, valleys existed as now, and in the same 
positions as now. At the present time the rivers flow in identically the same 
valleys, in at least the cases of the Nith, the Annan, the Lauder, and the Liddell; 
and the boundaries of the areas are so well known that we vcan safely assert no 
buried channel to exist such as we find on the tributaries of the Clyde. That the 
channels were occluded in glacial times we may take for certain ; that the obstruc- 
tion has been washed away and the courses cleared is equally certain. The surface- 
contours were not materially altered : so that the retreating ice left hollows in the 
position of the old valleys. But the case is quite dillerent when we deal with the 
older rocks. Their succession is marked by unconformities and overlaps, which it 
is impossible to picture tvs associated with full preservation of the surface-features 
on which they were laid dowu; and when the thickness comes to be as much os 
1000 feet or more, and of that thickness a part at least made up of marine strata, 
the relapse of all the streams to their old courses is an event of the highest impro- 
bability. Mr. Topley has pointed out how the dip of strata may under certain cir- 
cumstances coincide with their thinning out to the margins of their area of deposit, 
changes of angle in highly inclined strata pointing in the same direction. The 
ordinary rule, of j»r* »! n»«*: * • _ r strata and thus restoring their thickness over the adja- 
cent high ground, n ij:: ■ case at least of South Scotland) a method which imposes 
on atmospheric denudation, even if aided by the sea, a most complicated task. 

Had time permitted, it might have been interesting to note the changing phrase- 
ology regarding faults, and the pertinacity with which phrases imohing the most 
unsatisfactory and improbable causation continues to be used. Lpcast and down- 
cast, upthrow and downthrow, displacement upwards or downwards — these it may 
be said are of small importance; they aro only symbols. J Jut, in the first place, 
they are mischievous so far as they give students confused ideas with which to 
contend; and, in the second place, the continued acceptance of loose phraseology is 
peculiar to geology. Even in metaphysics, where the subject-matter is much more 
conveniently discussed in ordinary language, new terms are employed to a great 
extent. But, important as I therefore regard these terms from the teacher’s point 
of new, the greater importance attaches to the accuracy of the notions which 
underlie our language regarding the processes and rates of deposit and denudation. 

So far as our present knowledge goes, we must accept it as certain that there is 
some limit to the duration of the earth in the past. Neither philosophers nor as- 
tronomers are agreed on the essential points of the problem; nor have they consi- 
dered all the possible changes in the position of the earth's avis, and in tin* rate at 
which the earth loses heat. The limits hitherto prescribed are so discrepant that 
we cannot as yet accept any as iixed. Neither have geologists so accurate a know- 
ledge of geological processes that they can speak with confidence either of the ab- 
solute or relative rates at which rock-formation has advanced. The geologist has 
hitherto asked for more time, not because he himself was aware of his need, but 
from a generous regard for the difficulties in which his zoological brother found 
himself when lie attempted to explain the diveisity of the animal series as the 
result of slowly operating causes. The geologist asked for more time simply 
because he could form no just estimate of what was needed for the physical processes 
with whose results he was familiar. But pakeontological domination is now at an 
end ; and the increasing number of geologists who are also competent physicists 
and mathematicians seems to mark a new school, which will strive to interpret 
more precisely the accumulated facts. Such at least seems the history of the past 
fifteen or twenty years. .Such seems the direction in which speculation now tends ; 
and in the foregoing remarks I have endeavoured faithfully to ropiesent the drift 
of our science. To many here present much of what I have said is already familiar ; 
I therefore give place to the more legitimate business of the .Section, looking to 
receive elsewhere 4 ‘such censures as may be my lot.” 
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On the Physical Structure of the Highlands in connexion with their Geological 
History . By His Grace The Duke of Argyll, K.T., F.R.S., F.G.S.* 

The questions dealt with by Geological Science have now become so vast and 
various, that no one district ot country can be expected to furnish illustrations of 
more than a very few of them. 

The West of Scotland, in the capital of which we are now assembled, is not rich 
in deposits which illustrate the passage of animal life from the types that have 
become extinct to those which are of more modern origin and which still survive. 
No bone-caverns of importance have been discovered, and, with one exception, 
even our river-gravels and estuarine deposits have not been especially productive. 
That exception is, indeed, a great one. It was in this valley of the Clyde that the 
late Mr. Smith, of Jordan Hill, first discovered those indications of an Arctic climate 
recently prevailing which have ever since constituted a large and important branch 
of geological inquiry, and the full interpretation of which still presents some of the 
most curious and difficult problems with which we have to deal. But our Palaeozoic 
areas, except the Coal Measures, are to a large extent singularly unfossiliferous. 
Neither the Scottish Oolite nor Lias has yielded any remarkable additions to the 
curious fauna of which in England and elsewhere they have yielded abundant 
specimens. 

But, on the other hand, perhaps no area of country of equal extent in any quarter 
of the world presents more remarkable phenomena than the West of Scotland, in 
connexion with those causes of geological change which have determined the 
form of the earth’s surface, and have given to its physical geography those features 
of variety and beauty which are the increasing delight of civilized and instructed 
men. We cannot descend the course of this river Clyde to the noble estuary in 
which it ends without having presented to us mountain outlines and an intricate 
distribution of sea and land which raise questions of the highest interest and of 
the greatest difficulty. From the northern shores of that estuary to Cape Wrath, 
in Sutherland, the country is occupied mainly by rocks of Silurian age, but so 
highly crystalline as to be almost wholly destitute of fossils, and so upheaved, 
twisted, contorted, and folded into a thousand different positions, that, except in 
one great section, it is most difficult to trace any persistent succession of beds. It 
is one great series of billowy undulations traversed by glens and valleys, some of 
which are high above the level of the sea, but many of which are now so deeply 
h ■bn- : :■ d that through them the ocean is admitted far into the bo s om of the 
lr. i !-. I ! rse glens and valleys lie in many different directions ; but there are so many 
with one prevalent direction as to give a general character to the map, a direction 
from N.E. to S.W., or parallel to the prevalent strike of the Silurian rocks. The 
shapes of the hills and mountains are not by any means wholly without relation to 
geological structure — because in a thousand cases the sloping outlines will be found 
to be determined by the inclination of the beds, and the precipitous or steeper out- 
lines td be determined by the upturned or broken edges. In like manner there are 
cases where a crumpled or knotted outline is the index of beds deeply folded and 
contorted along anticlinal axes. But nevertheless there are also innumerable cases 
where no such relation can he traced ; where the mountains seem to have been cut 
out of some solid mass, all the rest of which has been removed by some agency 
which left these great fragments standing bv themselves, and of which the con- 
tours cut across the lines of structure at every variety of angle. Along the whole 
western face of this country it is guarded from the open ocean by an archipelago 
of islands, some of which are separated from the mainland by submerged valleys 
no broader than those which separate one hill from another in the inland glens. 
Many of these islands are wholly occupied by the debris and the outbursts of extinct 
•volcanoes. The mountains which are thus composed bear, in many cases, the 
characteristic forms of lava-streams ; but many otners are not readilv distinguish- 
able in outline from tho mountains of wholly different material which are near 
them. They reach the same general average le\el of height, here and there 
rising into peaks very similar to others of a widely different age and of a widely 
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different material. Moreover all the islands partake largely of the general character 
of the mainland in having their deeper valleys submerged, ana in being thus 
deeply indented by arms of the sea similar to those which give their peculiar out- 
line to the adjacent coasts. 

It may serve tobringmore vividly before you the facts of the pliy-vul „*■ i 
of this country (for which it is one of the auties of geologists to h «■<>■. n: ir' tIs- y 
can) if I give you some statistical facts affecting the single county of Argyll, 
which begins on the northern shore of the Firth of Clyde. Following the coast- 
line of that county from the head of Loch Long, which is its southern and 
eastern boundary, to Loch Aylort, which is its northern and western boundary, and 
including its islands, we find it measures no less than 2289 miles in length, of 
which about 840 represent the sinuosities of the mainland, and 1449 represent 
the coast-line of its larger islands. There are, besides, valleys which are now 
inland, and are occupied by freshwater lakes which evidently, at a recent period, 
were arms of the sea ; and these represent a further line of coast, measuring 276 
miles. There are 11 principal amis of the sea, each of them measuring from one 
to six and thirty miles in length. Two of these arms of the sea exceed the 100- 
fathom line in depth — Loch Fyne and the Linnhc Loch ; and it is very remarkable 
that these deep soundings do not occur near the points where these lochs join the 
more open sea, but, on the contrary, far up their course or bed among the mountains. 
The ridges dhiding these and other ^ alleys vary in elevation from hills of very 
moderate height to the range of Oruachan, which immediately beyond the boundary 
of the county culminates in Ben Nevis, which real's its head almost on a level 
with Ben MacDhui, now ascertained to be the highest summit in the British 
Isles. But no statistics can give ail idea of the intricacy with which sea and land 
are interfolded on our western coasts comparable with that which is gained by some 
of the many beautiful views which abound on the heights in the vicinity of Oban, 
w'hence the visitor can command the entrance of Loch Etive, w’ith the course for 
many miles of the Linnlie Loch, of the Sound of Mull, the Sound of ICerrera, and 
the Firth of Lome. 

Now the question naturally arises — to what geological ages and to what 
geological causes do we owe, in its main features, this curious distribution of land 
and sea ? I say in its main features, because, of course, the more superficial 
sculpturing of every mountainous country is undergoing incessant modification ; 
and this modification may have been, and probably has been, terv considerable 
indeed within times which, geologically speaking, belong to the existing age. But 
the question I put has reference to the epoch of past time, when the main outlines 
of hul and valley were determined j when the great mass of the country (which has 
been, I belie\e correctly, identified as composed of metamorphosed Silurian beds) 
was elevated into the various mountain-chains which now' constitute its charac- 
teristic features. 

If the question had been asked some five and twenty years ago, I should have 
said that the evidence pointed to an age of great geological antiquity for the 
central group of Highland mountains, in some shape very like that in which we 
see them. All round the edges of the country there aro the remains of the Old Bed 
Sandstone, which often fit into the contour of the valleys and have left fragments 
in nooks and recesses of the hills. It would almost seem us if they had been the 
shores of the seas or great lakes in which that great system of deposits was laid 
down, and that they lifted their heads above those waiters in forms not wholly 
unlike those in which w t o now see them. The total absence over almost the whole 
country of any other or later rocks, the absence among the debris of any material 
other than that of which the hills are themselves composed, would seem to confirm 
the same general conclusion. 

Some doubt, however, may seem to have been thrown on this conclusion, since 
it bas become certain that it cannot be true of at least one district of our western 
mountains, which is nevertheless closely related to all the rest, having the same 
general elevation, partaking of the same general bend of coast-lines, cut up by 
similar valleys, and fitting into the same contours of denudation. The district to 
which I refer is that of the volcanic islands which stretch from the south end of 
Mull to the north end of Skye, Since the discovery, which I w’as fortunate enough 
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to make in 1851, of the leaf-beds of Ardtuh, it has become clearly ascertained that 
these islands are the remains of volcanoes of that geological age to which an ever- 
increasing interest seems to attach — that middle age of the great Tertiary division 
of geological time to which Lyell gave the name of Miocene. The mountains of 
Mull, aud of Eigg, and of Rona, and of Skye, with all their valleys and intricate 
lines of coast, have unquestionably an origin later than the Miocene — how much 
later, is the question of physical geography which geologists are called upon to solve. 

It is possible, indeed, to suppose that the hills of the mainland might be of a very 
different age from those of the adjacent islands ; and against this, until some two 
years ago, there would have been nothing to advance except the suspicious 
similarity and adjustment between the two groups, the coincidence of their out- 
lines, and of the way in which they have been cut and carried. But the admirable 
researches of Mr. Judd, in 1874, have brought one little fact to light which speaks 
volumes for the enormous changes which must have taken place since the volcanoes 
of the Miocene over a portion at least of the Highland area, and which may, 
therefore, have taken place over the whole of it. The land upon which the 
Miocene vegetation flourished, and upon which the lava-streams of its volcanoes 
were poured out, seems to have been for the most part a land consisting of Cre- 
taceous and Secondary rocks. The fragments of that country which remain are 
generally consistent with the supposition that they were deposited in a sea which 
washed round the bases of the lliirhhmd mountains, but which never covered 
them. Like the fragments of the Old lb d sandstone, the remains of the Secondary 
rocks lie along the margins and fringes of the Silurian hills. But Mr. Judd has 
made the startling discovery of an outlier of the whole series of the Secondary 
rocks, including representative beds of the Trias, Lias, Greensand, and Chalk, to- 
gether with deposits, probably Lacustrine, all tying on the top of one of the moun- 
tains of metamorphic gneiss which constitute the district of Morven. This fragment 
has been presen ed by having been covered by a sheet of lava from ■ ■ i; ■■ _ ?■ ■ 1 i.i-l !*- 
bouring volcanic centro, the position of which is probably indica'i ■! I«\ li- ii More 
in Mull. But the mass of volcanic trap which has covered up and preserved this 
relic of the Cretaceous land is itself a fragment occupying the top of a mountain of 
gneiss, separated from the remainder of the sheet of lava to which it belongs by 
deep valleys, precisely similar to those which div ide the hills from each other 
throughout the whole area of the Highlands. This position of an outlier of the 
Cretaceous rocks on the summit of a mountain of gneiss is rendered still more 
curious by the circumstance that in that position the beds are not tilted or in any 
w<iy apparently disturbed. They are arranged horizontally, as if the ocean floor in 
which they were deposited had occupied that level, or as if its deposits had been 
lifted up over so large an area that any small section of that area could retain its 
original horizontally. The Lower Silurian gneiss beds on which these Secondary 
deposits have been laid are violently twisted and contorted ; and this structure 
must have belonged to them when they constituted the floor of the Cretaceous 
sea. The position of the Miocene basalts capping the Secondary deposits proves 
that the wuole mountain, as a mountain, is oi later date than tlie Miocene age — 
how much later wo cannot toll ; and thus that the causes of geological change 
which have cut up the country into its present form, though they doubtless began 
in very remote epochs, have at least beeu prolonged into a comparatively late age 
in the history of the globo. 

It would, I think, be affectation to pretend that our science enables us to follow, 
with any thing like distinctness of conception, the exact nature and sequence of 
operations which through such a vast lapse of time have brought about the final 
result. But I believe in something like the " V . Moral outline of events. 

j First. That subsequent not only to the ■ / but probably also to the 

metamorphisni of the Lower Silurian deposits, the whole area of the Western- 
Central Highlands became an area of that kind of disturbance which arose from 
lateral pressure due to secular cooling and consequent contraction and subsidence 
of the crust of the earth. 

Second . That tho crumpling, contortion, and tilting of the Silurian beds which 
we now Bee arose from that disturbance. 

Third. That then were determined those great general lines of strike running 
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from N.E. to S.W. which are to this clay a prominent feature in the physical 
geography of the country. 

Fourth. That during that period of disturbance, and as part of the movements 
which then took place, the disturbed rocks fell inwards upon materials at a great 
heat, which rose in a pasty state along the lines of least resistance, and thus 
came to occupy various positions, sometimes intercalated among the sedimentary 
beds. 

Fifth. That to this period, and to this method of protrusion we owe some at 
least of the masses of granitic material which are abundant in the Highlands. In 
particular, that to this period belong the porphyritic granites on the northern shores 
of Loch Fyne. 

Sixth . That during the later ages of the Palaeozoic period, volcanic action 
broke out at various points, accompanied by great displacement and dislocation of 
strata, and that to this, with the denudation which followed, we owe much of the 
very peculiar scenery of the south-western coasts, especially in the district of Lome 
in Argyllshire. 

Seventh. That we have no proof that the Central Highlands were ever under 
the seas which laid down the deposits of the later Paheozoic age. 

Eighth. That such evidence as we have points rather to the conclusion that 
they were not under those seas, since such fragments as remain of the Old Red 
and of the Carboniferous rocks appear to have been deposited round the bases and 
in the marginal hollows of the Silurian hills. 

Ninth. That in like manner we have no evidence that the great mass of the 
Western or Central Highlands was ever under the seas of the Secondary ages, 
which on the contrary, appear to have deposited their sediment upon an area outside 
of, but probably surrounding, the area of those Central Highlands, and certainly 
upon their north-eastern and western flanks. 

Tenth. That the whole area of the Inner Hebrides and of the waters dividing 
them, ■ 1 ■'* oine portion of the mainland, as in Mon on, was an area 

occupi : " ^ rocks. 

Eleventh. That in the Tertiary ages, probably in the Eocene, and certainly in 
the Miocene, these rocks formed the basis of a great land of unknown extent, very 
probably extending for a great distance both to the east and west of the present 
coasts of Scotland, and embracing the north of Ireland. 

Twelfth. That this country became in the Miocene age, and possibly earlier, the 
scene of great volcanic outbursts, which covered it with vast sheets of lava and 
broke up its sedimentary rocks with every form of intrusive platonic matter. 

Thirteenth. That later in the Tertiary periods, and perhaps as late as the 
Pliocene, this volcanic country was itself broken up by immense subsidences and 
upheavals, giving both occasion and direction to tne agencies of denudation and 
to enormous removals of material. 

Fourteenth. That this Tertiary country had been thus broken up ar 1 
but its fragments left when the Glacial epoch began, aiul that the main ■ ■/ 

the country, as we now see it, had been already determined when glacial conditions 
were established. 

Fifteenth. That thus the work of the Glacial period has been simply to degrade 
and denude preexisting hills and to deepen preexisting valleys. 

Sixteenth. That during the Glacial epoch there was a subsidence of land to 
the depth of at least 2000 feet below the level of the present sea, and agaiu a 
reelevation of the land to its present level. 

Seventeenth. That this reelevation has not restored the land to the level it 
stood at before the subsidence began, but has stopped greatly short of it ; and that 
the deep arms of the sea or lochs which intersect the country, and some of the 
deeper freshwater Jakes, such as Loch Lomond, are the valleys still submerged 
which at the beginning of the Glacial epoch where high ftbove the sea and furrowed 
the flanks of loftier mountains. 

Eighteenth. That during the Glacial period the working of denudation and 
degradation was done, and done only by ice, in the three well-known forms : — 1st, 
of true glaciers descending mountain-slopes ; 2nd, of icebergs detached from the 
termination of these glaciers where they reached the sea ; and 3rd, by floe or 
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surface ice, driven by currents which were determined indirection by the changing 
contours of the land during the processes of submersion and reelevation. 

It would be impossible on this occasion to illustrate or support these various 
propositions by going into the evidences on which they rest. But as those of them 
which relate to the operations of the Glacial epoch express a decided opinion upon 
Questions now involving much dispute, I must say a few words in explanation and 
defence of that opinion. 

It will he seen that I disbelieve altogether in the theory of what is called an 
Ice-cap ; or, in other words, I hold that there is no evidence that there ever existed 
any universal mantle of ice higher or deeper than all the existing mountains, cover- 
ing them and moving over them from distant northern regions. 

In the tirst place, this theory presupposes conditions of climate which must have 
prevailed universally over the whole northern hemisphere ; whereas over a great 
portion of that hemisphere west of a certain meridian on the American continent, 
all traces of general glaciation and of any general distribution of erratics disappear. 

In the second place, the theory assumes that masses of ice lying upon the surface 
of the earth, more than mountain-deep, would have a proper motion of their own, 
capable of overcoming the friction not only of rough level surfaces, but even of the 
steepest gradients, for which motion no adequate cause has been assigned, and 
which has never been proved to be the natural consequence of any known force, 
or to be consistent with the physical properties of the material on which it is 
supposed to have acted. 

In the third place, as a matter of fact there do not now exist anywhere on the 
globe masses of ice which can be proved to have any motion of this kind, or to be 
subject to forces capable of driving and propelling it in this manner and with the 
effects which the theory assumes. The case of Greenland, which is often referred 
to as an example, does not present phenomena at all similar to those attributed to 
the ice-sheet. 

In the fourth place, all the phenomena of glaciation which are exhibited on the 
mo untain- ranges, i iw 1 ml i:u. r ill** distribution of erratics, can be adequately accounted 
for by the three conditions or forms of moving ice which have been above 
enumerated, and all of which are now in actual operation on the globe, namelv : — 
ice moving, not up, but down mountain-slopes by the force of gravitation, and ice 
floated bv water and driven by currents as icebergs or as floes. 

In the fifth place, these phenomena of glaciation are essentially different from 
those which would result from the motion of a universal ice-sheet, even supposing 
it to have existed and supposing it to have had the (improbable) motion which has 
been ascribed to it. 

In the sixth place, and in particular, the mode in which erratics are distributed 
and the peculiar position of perched blocks are demonstrative of the action 
not of solid hut of floating ice ; whilst the surfaces of rock, which have escaped 
glaciation on one side and retain the deepest marks of it upon another, are 
equally demonstrative of exposure to moving ice under conditions which did not 
enable it to fit into the irregularities of surfaces over which it passed. 

Iu the seventh place, the phenomena seem to me to prove that some jof the 
very heaviest work done by ice has been done towards the close of the Glacial 
epoch — when the land was emerging again from out of a glacial sea, and when ail 
the currents of that sea, loaded with bergs and Hoes, were determined entirely by 
the outlines of the rising land. 

In regard to the much disputed question of the glacial origin of Lake-basins, 
the conclusion to which I have come is one which, to some extent, reconciles 
nntnirri'.Ltii 1 views. I do not, indeed, believe that glaciers can ever dig holes deep 
under the average slope of the surface down which they move ; but, on the other 
hand, they ore the most powerful of all abrading agents in deepening their own 
bed and cutting away the rocky surfaces which lie beneath them. 

If valleys thus deepened by the long work of glaciers and glacier-streams are 
Afterwards submerged along with the whole country in which they lay, and if that 
submergence is accompanied hv partial and unequal rates of subsidence, they 
would inevitably become hollows into which the sei would enter, or in which 
fresh waters would accumulate. In this sense, and in this way, it can hardly 
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Admit of a doubt that those lakes, which are nothing but submerged valleys^ are due 
in part to glacier action, although the other half of the causation on which they 
depend is to be sought in the subterranean action of subsidence. 

In conclusion, I would observe that although the fact of a great subsidence and a 
reelevation of the land during the Glacial epoch has been generally admitted to be 
one of the facts of which there is the clearest evidence, it is nevertheless a fact 
of which all the conditions and all the consequences have been most imperfectly 
recognized. 

Without venturing to go so far back as to imagine the process of subsidence and 
submergence, let us only think for a moment of that movement of reelevation 
which has certainly been one of the very latest of the great movements of geological 
change. If it took place very gradually or very slowly, it necessitates the supposi- 
tion that every inch of our mountain-surfaces, up to at least 2000 feet, has been in 
succession exposed to the conditions of a sea-beach. Yet where are the marks 
upon them of such conditions P We may suppose such marks to have been 
generally obliterated by later subaerial denudation. But against this is to be set 
the fact that the position and distribution of perched blocks and other erratics 
deposited by floating ice demonstrate, in my opinion, that very little indeed of 
such denudation has taken place since they were placed where we now see them. 
I could take any of you who are interested in this question to a precipitous hill 
near Inverary, some 1 200 feet above the level of the sea, from the top of which you 
can look down on the masses of transported rock stranded upon its sides and base, 
precisely as one might look down from the top of some dangerous reef in the 
present ocean upon the debris of a whole navy of ships shattered upon it in some 
hurricane of yesterday. There they lie — some more or less scattered, some heaped 
upon aud jammed against each other, witli sharp angles and outlines wholly 
unworn, and, moreover, so distributed that you see at a glance their strict relation to 
the existing heights and hollows of the land, which must here have been the shoals 
and channels of the sea. These contours cannot have been materially changed 
since that sea was there. It seems that it must hav r o been there, geologically speak- 
ing, only a very few days ago. 

And this conclusion would seem to bo confirmed when we observe the phenomena 
which are present in certain cases where the land has clearly rested for a consider- 
able time and the ocean has left in raised beaches the evidence of its work at 
certain levels. Such raised beaches are to be found at many points all round our 
western coasts ; but incomparably the finest and mo.-t instructive example of 
them is to be seen on the west coast of the island of Jura, near the mouth of Loch 
Tarbert, Jura, and extending for several miles to the north. These beaches are 
visible from a great distance, because their rolled pebbles are composed entirely of 
the hard white quartzite of the Jura mountains, which resists disintegration and 
is very unfavourable to the successful establishment of vegetation. I visited these 
beaches a few weeks ago, and, measuring the elevation roughly with a graduated 
aneroid, I found that they represent three more or less distinct stages of subsidence, 
one beach being about the level of 50 feet above the present sea, another about 75 
feet, and a third at about 125 feet. Some others, which I saw only from a distance, 
appeared to be higher; and I believe, but am not quite su«, that further to the 
north they have been traced to the level of 100 feet. 

But the feature connected with these sea-beaches, and especially with the 
lowest or the 50-feet beach, is the evidence it affords, first, of the length of 
time during which the ocean stood at that level, and secondly, and particularly, 
of the very recent date at which it must have stood there. As regards the 
length of time during which the ocean must have stood there, it is sufficient 
to observe the beautiful smoothness and roundness of the pebbles ; they have been 
more thoroughly rolled and polished than the corresponding pebbles on the existing 
shores, equalling in this respect the famous pebble-beds of the Chesil Beach at 
Portland. Then, as regards the very recent date at which the ocean must have 
stood there, it is difficult to give in words an adequate idea of the impression which 
must bo left on the mind of everyone who looks at them. You see the curves left 
by the sweep of the surf, the summit level of its force, and the hollow behind that 
summit which is due to the exhausted crest — all as perfect as if it had been the 
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work of yesterday. Is is difficult to conceive how ordinary atmospheric agencies, 
and even the tread of sheen and cattle, should not have broken such an arrangement 
of loose material. But there are exceptionably favourable circumstances for the 
preservation of those beds, from absence of considerable streams and the protec- 
tion of surrounding rocks. There is little or no evidence of glaciation anywhere 
around ; and although it is certain that the sea which stood at those beaches so 
recently was a sea subject to glacial conditions, it is equally certain either that it 
continued to work there after those conditions had passed away, or, what is more 
probable, that that particular line of coast was protected from the drift of surround- 
ing ice-floes. 

If, now, we compare tho evidence of recent action in these sea-beaclies with the 
similar evidence connected with the position of erratics at far higher levels, which 
can only have been placed there by floating ice, I cannot help coming to tne con- 
clusion that; the submergence and reelevation of the land to the extent of more 
than 2000 feet above the level of the present ocean has been one of the very latest 
changes in the history of this portion of the globe ; and, moreover, that the reeleva- 
tion has been comparatively rapid, probably by lifts or hitches of considerable 
extent, and that there were few, if any, pauses or rests comparable in duration with 
those recorded in the Jura beaches and in the cutting of the existing coasts. 

Finally, let me repeat that whether this conclusion is correct or not (and I 
am well aware of the many difficulties which surround it), the general fact of sub- 
mergence and reelevation is, perhaps, as certain as any conclusion of geological 
science, and that the consequences of it in accounting for the distribution of gravels 
and the most recent changes of denudation have never as yet been worked out with 
any thing approaching to consistency or completeness. 


On the Sub- Wealden Exploration. By Major Bevumont, M.P. 


On the Granite of Strath- Erriclc, Louyli Ness. By James Bryce, LL.D . 

The author described a granite tract a little distance from the shores of Loch 
Ness, and near tho Fall of Foyers. This fall took place originally over a cliff of Old 
Bed Sandstone, and this stone being of a soft character gradually wore away until 
it formed a magnificent basin almost inaccessible at the bottom, and tho action of 
the water had also worn the rock back to the slate which came between it and tho 
granite. Ilis attention had been called to the Loch-Ness granite tract by hearing 
that gold had been found in the lower valley of the Nairn, which passes through 
this granite district, and he supposed it probable that the gold might have its 
source in this granite tract in tne same way as he had found the granite of Suther- 
land to be the true source of gold. After describing the limits of the granite 
tract, he pointed out a most remarkable circumstance connected with its history, 
which was illustrated by a section in a glen above Iiinerfaricaig. Hero this triple 
granite rises from the valley in a direction sloping eastward, at first leaning against 
tho Old Red Sandstone, and ultimately, further east, regularly overlying it, the 
metamorphism being very remarkablo through about a foot of depth, and portions 
of granite being embedded in the Old Red. On the east side of the hill the Old Red 
Sandstone was regularly overlapped by granite, the strata of the Old Red dipping 
under it at an angle of 32 degrees. Tne well-known vitrified fort on the top of 
the hill contains both rocks highly vitrified. To the west of this another hill rises 
composed at the base of OldRed, and its upper part consisting of conglomerate granite. 
He called the attention of the Section specially to this conglomerate granite, and to 
the evidence which the whole district atforaed that the granite here was truly 
irruptive, and not of that hydrothermal origin to which the granites further east 
have been ascribed. The only conglomerate granite similar to this with which he 
was acquainted was one that* he had visited some years ago at Forkhill, county 
Armagh ; and he called attention, especially of Professor IIull, to the connexions 
of these beds to the probable origin of a great irruption of granite. 
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Oil the Earthquake Districts of Scotland, By James Bryce, LL.D, 


On the Tidal- Retardation Argument for the Age of the Earth. 

By James Croll, LL.D. y F.R.S., of the Geological Survey of Scotland . 

Many years ago Sir William Thomson demonstrated from physical considerations 
that the views which then prevailed in regard to geological time and the age of our 
globe were perfectly erroneous. His two main arguments, as are well known, 
were, first, that based on the limit to the sun’s possible age, and, secondly, 
that based on the secular cooling of the earth. More recently he has advanced a 
third argument*, based on tidal retardation. It is well known that, owing to tidal 
retardation, the rate of the earth’s rotation is slowly diminishing, and it is therefore 
evident that if we go back for many millions of years we reach a period when the 
earth must have been rotating much faster than now. Sir William’s argument is, 
that had the earth solidified several hundred millions of years ago, the flattening 
at the poles and the bulging at the equator would have been much greater than 
we find them to be. Therefore, because the earth is so little flattened, it must have 
been rotating when it became solid at very nearly the same rate as at present. 
And as the rate of rotation is becoming slower and slower, it cannot have been so 
many millions of years back since solidification took place. 

A few years ago I ventured to point outf what appeared to be a very obvious 
objection to the argument, viz. that the influence of subaerial denudation in alter- 
ing the form of the earth had been entirely overlooked ; and as the validity of the 
objection, as far as I am aware, has never been questioned, I had been induced to 
believ e that the argument referred to had been abandoned. But I find that Pro- 
fessor Tait, in his work on i Recent Advances in Physical Science,’ restates the 
argument as perfectly conclusive, and makes no reference whatever to my objection. 
As the subject is one of very considerable importance, I may be permitted again to 
direct attention to the objection in question, which briefly is as follows : — 

It has been proved by a method pointed out a few years agoj, and which is now 
generally admitted to be reliable, that the rocky surface of our globe is being lowered 
on an average, by subaerial denudation, at the rate of about 1 foot in 0000 years. 
It follows as a consequence from the loss of centrifugal force resulting from the 
retardation of the earth’s rotation, occasioned by the friction of the tidal wave, 
that the sea-level must be slowly sinking at the equator and rising at the poles. 
This of course tends to protect the polar regions and expose equatorial regions to 
subaerial denudation, >>ow it is perfectly obvious that unless the sea-level at the 
equator has, in consequence of tidal retardation, been sinking during past ages at a 
greater rate than 1 foot in (KXX) years, it is physically impossible that the form of 
our globe could have been very much different from what it is at present, whatever 
may have been its form when it consolidated, because subaerial denudation would 
have lowered the equator as rapidly as the sea sank. But in equatorial regions the 
rate of denudation is no doubt much greater than 1 foot in 0000 years, because the 
rainfall is greater there than in the temperate regions. It has been shown in the 
papers above referred to that the rate at which a country is being lowered by 
sunaerial denudation is mainly determined, not so much by the character of its 
rocks as by the sedimentary carrying-power of its river-systems. Consequently, 
other things being equal, the greater the rainfall the greater will be the rate of 
denudation. 

We know that the basin of the Ganges, for example, is being lowered by denu- 
dation at the rate of about 1 foot in 2300 years, ana this is probably not very far 
from the average rate at which the dljuatorial regions are being denuded. It is 
therefore evident that subaerial denudation is lowering the equator as rapidly as the 
sea-level is sinking from loss of rotation, and that, consequently, we cannot infer 

* Trans. Glasgow Geol. Soc, vol. iii. p. 1. 

t * Nature,’ August 21, 1871 ; ‘Climate and Time,’ p. 33.5, 

t * Philosophical Magazine/ May 1808, pp. 378-384, February 1807, p. 130; ‘Climate 
and Time/ chap, xx.; Trans. Glusgow Geol. Soc. vol. iii. p. 153. 
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from the present form of our globe what was its form when it solidified. In so far 
as tidal retardation can show to the contrary, its form, when solidification took 
place, may have been as oblate as that of the planet Jupiter. 

There is another circumstance which must be taken into account. The lowering 
of the equator by the transference of the materials from the equator to higher lati- 
tudes must tend to increase the rate of rotation, or, more properly, it must tend to 
lessen the rate of tidal retardation. 


On the Variation in Thickness of the Middle Coal Measures of the Wigan 
Coal-field. By C. E. De R.ince, F.G.S., of H.M. Geological Survey. 

From the Arley Mine, the lowest coal-seam of this series, to the Ince- Yard Coal, 
at Worthington, north of Wigan, the measures are 2200 feet in thickness, thinning 
50 feet per mile to the S.W. to Prescot, where the measures are only 1445 feet in 
thickness, and 57 feet per mile to the N.E. towards Burnley, where the measures 
between the equivalents of these coals are only 1000 feet in thickness — proving 
the Wigan coal-basin to be not merely a synclinal of subsidence, but one of deposition, 
the axis of which was shown to have gradually travelled northwards in time from 
the district of St. Helens to a point north of Wigan. The importance of arranging 
colliery sections in a definite geographical direction, and the importance of noting 
the occurrence of very thin coal-seams and horizons of fire-clay and of seams full of 
Anthracosia , were insisted on as means of identifying equivalent coal-seams across 
a district. Great lateral shifts were shown to have occurred between many of the 
great N.N.W. faults which traverse the Wigan district and divide it up into a 
series of belts. 


On Labyrinthodont Remains from the Upper Carboniferous {Gas- Coal) 
of Bohemia. By I)r. Anton Fritsch. 

The beds of gas-coal which are now being worked at so many localities, both in 
Europe and America, serve not only to illuminate our chambers, but to throw fresh 
light upon many branches of pakeontological science ; for these beds of gas-coal 
have been found to yield a remarkably line fauna, especially rich in the remains 
of Labvrinthodonts, fishes, and insects. 

During the last five years, 1 have been so fortunate as to discover in Bohemia 
two localities which afford us beautifully preserved relics of ancient life thus en- 
tombed in the gas-coals. 

One of these localities is Nvran, near Pilsen, in the western part of Bohemia ; the 
other is Kounova, near Kakonitz, in the north-west of the country. 

In both of these places the gas-coals are found to be situated on the top of the 
Coal-measures proper, but beneath the true Permian deposits. The plants of these 
beds are closely allied in character to those of the Coal-measures ; but the animals 
appear to be of Permian types. 

I do not intend upon the present occasion to enter into a full enumeration and 
description of these interesting fossils ; but I take the liberty of submitting to this 
Section of the British Association series of specimens of casts and of plates of some 
of these fossils which I have brought to this country for the purpose of comparing 
them with the similar remains found in the British Coal-fields. 

The first three plates exhibited contain enlarged drawings of very small Laby- 
rinthodonts of the group called by Prof. Huxley Microsauria. One of these, not 
more than one inch ( ?) long, has the skeleton completely ossified. 

The fourth and fifth plates are devoted to a large species of Labyrinthodon of 
about 5 feet in length. 

Among the specimens, the author drew attention to the teeth of a Ctm»dus f of 
which species the bony parts of the skull were found preserved. 

Of the remarkable genus Diplodm a lower jaw with teeth served to show that 
these latter are not, as was formerly supposed, the dermal spines of a Kay. 

Among the insect-remains was observed a new species of Gamsonychus, speci- 
mens of which cover the whole surface of some slabs of the rock. The restored 



90 * REPORT — 1876 . 

drawing illustrated tlie enlargement of the seventh pair of appendages in this species 
into swimming-feet. 

The species of Julus, called by the author J. comforts , shows how little the forms 
of this genus have changed in the interval between Palaeozoic and recent times. 

The rich materials which are now accumulated iu the Museum of Prague will 
require for their illustration about 80 or 40 plates in the monograph which the 
author is now preparing on this very interesting vertebrate fauna. 


On the Physical Geology and Geological Structure of Foul a. 

By George A. Gibson, M.B . , B.Sc. Edinb. 

Taking up, in the first place, the pin siogrnphicai geology of the island, in con- 
nexion with the agencies involved, the paper describes the coast scenery, and dwells 
upon the contrast between the low and rugged eastern side and the stupendous 
cuffs which overhang the w r estem sea. This striking ditFerence is shown to be due 
partly to the superior powers of resistance to weathering evinced by the materials 
of the sandstone rocks as contrasted with the crumbling schistose masses, and also 
to the fact that in the former the strata dip away from the cliffs. 

The inland features are next taken up in detail. The five hills are found to be 
on the west side, three of them (Lior afield, the Sneug, and the Kame, which, taken 
by aneroid, reach 1000, 1250, and 1150 feet coer sea-level) forming an axial chain, 
whilst the other two (Soberly, 050, and tlie Noup, 700 feet high) are distinct. 
The last three are noticed as funning precipices from their summits sheer into the 
sea, and all, except the Noup, which is dome-shaped, as having a conoid outline, 
the steepest sides of which face the north and east. As the dip is S.S.W., these 
hills are therefore held to have a contour in accordance with the empirical law, 
noted above, that the strata dip away from the side which has the steepest slope. 
The drainage is of course seen to bo easterly. 

The lithological character of the rock masses is then detailed, along with their 
architectural features and stratigrapliical relations. The eastern side is described 
as composed of gneiss, very similar to that of Loch Maree, and of mica-schist w ith 
intruded veins of granite, having a strike from N.VV. to S.E., agreeing therefore 
with the presumably Laurentian of Scotland ; this, however, is not to be regarded as 
of great significance, on account of the variable strike of similar rocks in Shetland. 

The sandstone series is shown to be separated by a fault from the metamorphic 
rocks, running from N.N. W. by N. to S.S.E. by S., and along which dislocation the 
rocks are changed into hard quartz rock. There is described an unbroken succession 
of sandstones and flags for two miles, at an average dip of more than 25°, whose 
thickness cannot be estimated at less than 4100 feet. 

No fossils having been discovered in these rocks, they are then compared in litho- 
logical character and position with the other sandstones of Shetland. Differences 
in composition and texture are pointed out to be due to altered conditions of depo- 
sition, the Bressay and Lerwick flags and sandstones belonging, with the Eoula 
beds, to the Old lied Sandstone of the Caithness series. 


On the Bed Soil of India. By Dr. Gilchrist. 


On the Strata and Fossils between the Borrowdaile Series of the Coniston Flags 
of the North of England. By Prof. Hark ness, F.ll.S . , and Prof. A. II. 
Nicholson, M . D . 


On the Upper Limit of the essentially Marine Beds of the Carboniferous 
System of the British Isles , and the necessity for the establishment of a 
Middle Carboniferous Group. By Prof. Edward Hull, F.ll.S . , <Jr., 
Director of the Geological Survey of Ireland. 

In this paper the author endeavours to show the equivalent stager throughon* 
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tlie British Isles of the members of the Carboniferous system, and divides the whole 
into successive stages from A to G, thus : — 

Stages. Name. 

G. Upper Coal-measures. 

F. Middle „ 

E. Lower ditto, or Gannister Beds. 

D. Millstone Grit. 

C. Yoredale beds. 

B. Carboniferous Limestone. 

A. Lower Carboniferous Slate, 

f rits and conglomerates $ 

-ower Limestone Shale. 

These beds are then identified, both by position and palaeontological remains, 
over the whole area, and lead to some important results. Rejecting the evidence 
of fish- and plant-remains, which are inconclusive, the author finds that there is 
a strong palaeontological distinction between stages E and F — the fauna of the one 
(E) being essentially marine, that of the other (F) essentially estuarine or fresh- 
water. The lists of species have been extracted from the memoirs of the Geological 
Survey, the determination being those of the late Professor E. Forbes, Mr. Salter, 
and Mr. Baily. The author of this paper is responsible for the determination of 
the stratigraphical position of the beds from which the species have been obtained. 

He finds tliat there are about 53 species of marine genera in stage E (Gannister 
beds, or Lower Coal-measures)*, of which 33 come up from the Carboniferous 
limestone, but only 4 or 5 pass up into the overlying stage F (Middle Coal- 
measures), indicating a strong palaeontological break. 

Again, of 8 marine species found at rare intervals in stago F (Middle Coal- 
measures), 4 are peculiar to this zone, and the remainder are common to it and 
stage E. The remaining species belong to the genera Anthracosia , Anthracomya , 
&c., which some authorities regard as of freshwater origin, others estuarine ; they 
are probablv either : these genera pass into stage G. 

Tnese differences, together with some of a stratigraphical nature, between stages 
F and G on the one hand, and E, D, C on the other, are so striking that the author 
submitted that they should be recoguized in the classification of tlie beds : and he 
proposed to establish a “ Middle Carboniferous ” division, to include all the stages 
from the Yoredale (C) to the Gannister (E) inclusive. This stage would be 
essentially marine ; while the term li Upper Carboniferous v would be restricted to 
the stages F and G, which are shown to he estuarine or freshwater. The term 
Lower Carboniferous would remain as at present, to designate the Carboniferous 
Limestone aud basal beds of the system, stages A and B. 

The author has reason to believe, from information supplied by Professor Roemer, 
of Breslau, that the marine stage E can be identified on the continent, both in 
Belgium and Germany a band with Goniatites and Aviculopecten occurring about 
100 feet above the base of the Coal Measures, while, as we learn from Geinitz, the 
raollusks of the Coal-formation generally belong to the genus Unto (. Anthracosia ), 
so that this remarkable division, with its marine fauna, has had a range as wide as 
the British Isles and Western Europe, and marks the upward limit of the essen- 
tially marine conditions of the Carboniferous system. 


On a Beep Boring for Coal at Scarle , near Lincoln. Communicated by 
Professor Edward Hull, F.Ii.S. 

This boring was undertaken about two years ago by a small company of Lincoln- 
shire gentlemen under the advice of Mr. S. T. Boot, mining engineer, of Mansfield, 
from whom 1 have received information and specimens constantly during the ope- 
rations, besides having visited the locality in June 1875. The works have been 
carried out by the Diamond Rock-boring Company, and specimens of the cores were 
laid on the table. 

* They have since been considerably added to. — February 1877. 


Localities. 

Lancashire, N. Wales. 

England, Scotland, Ireland. 
England, Wales, Ireland. 

England, Scotland, Ireland. 
England, Lower Coalfield of Scot- 
land, Ireland. 

England, Ireland, Calciferous 
Sandstone of Scotland. 
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The total depth attained up to this time is 2035 feet. The boring commences 
n the Lower Lias at a spot about 6 miles south-west of the city of Lincoln, and 
after traversing the Lias, Khsetic, Keuper, and Bunter beds, the Upper Permian 
and Lower Permian, it entered the Carboniferous formation at a depth of 1901 feet, 
the remainder of the section being in Carboniferous strata. 

The general succession is as follows: — 

Depth. Thickness. 


Alluvium 

Lower Lias Clay 

Khsetic Beds ? . 

Lower Sandstone 
Bunter Sandstone 


jy . j Upper Marls and Magnesian Limestone 

ermian j k ower Sandstone 

f Grey grits with plants ; shales with 

I small bivalves (Anthracosia) 

Carboniferous J Bluish calcareous shales and earthy 

.Beds I limestone 

| Fine breccia 

[ Chocolate-coloured hard clays 


ft. 

ft. 

10 

10 

00 

50 

145? 

85 

700 

501 

958 

252 

1500 

542 

1884 

384 

1900 

10 

1955 

55 

2020 

05 

2024 

4 

2030 

0 


The temperature at 2000 feet was 79' F., taken with one of Negretti’s thermo- 
meters supplied by Professor Everett, of Belfast. At a depth of 917 feet a strong 
feeder of water was encountered in the Lower Keuper Sandstone, and a still stronger 
at 1250 in the Bunter Sandstone, when the water rose 4 feet above the ground. 
This water unquestionably percolates underground from a distance of 10 or 12 
miles, where the beds crop out. 

This boring is exceedingly interesting as giving the depth of the Carboniferous 
rocks so far from the borders of the .Nottinghamshire coal-held, and as giving the 
thickness of the overlying formations; but it has (unfortunately for the spirited 
gentlemen w'ho have undertaken it) not as yet produced any satisfactory results. 
The Carboniferous beds are of so peculiar a character that I hesitate to attempt to 
identify them with any particular division of the Carboniferous system. Mean- 
while, as the boring is still being prosecuted, it is hoped that specimens of a more 
definite nature may be brought up. 


On Tertiary Basalt-rock Dykes in Scotland. By It. L. Jack, F.G.S. 


On some New Minerals , and on Doubly -refracting Garnets. 

By Dr. Vox Lasaclx. 

The writer exhibited specimens of the new mineral which he terms melanophla- 
qite , in consequence of its peculiarity of becoming black when heated before the 
blowpipe. It occurs in very small cubic crystals, of pale brown colour, seated on 
little scalenohedra of calcite, which are associated w'ith the sulphur and celestino 
of Girgenti, in Sicilv. According to analyses, melanophhtgite contains 89*29 per 
cent, of silica, 7*2 of sulphuric acid, or some acid of the thionic series not yet de- 
termined, 2’8 of strontia, 2*80 of water, and small quantities of alumina and ferric 
oxide. Dr. Von Lasaulx also exhibited specimens of his new species aerinite , and 
several microscopic sections of garnets which exhibited double refraction. Ho 
entered into an explanation of the causes of such optical irregularities in monometric 
crystals, and referred them partly to the effects of tension, partly to chemical altera- 
tion, and partly to complexity of structure, due to alternations of isotropic and 
anisotropic minerals. Thus the variety of garnet called eolophonite appears to be a 
mixture of true garnet and idocrase ; hence, whilst one part exhibits single refrac- 
tion, another part shows double refraction. 
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On the Changes affecting the Southern Extension of the Lowest Carboniferous 
Hocks . By G. A. Lebour, F.G.8. 

In Scotland the lowest division of the Carboniferous series consists of the rooks 
called “the Calciferous Sandstones’’ by Maclaren, and usually known in the 
north of England as “ Tuedian.” Prof. Geikie has shown that the lower limit of 
these rocks merges insensibly into the upper portion of the Old Red Sandstone series. 
In England their upper limit seems to be equally indefinite, and runs in a kind of 
lateral dovetailing into the lower beds of the Carboniferous Limestone series or 
“ Bemician.” It is this merging of Tuedian into Bemician which forms the subject 
of the paper. Some remarks as to the terminology of the series followed, and also 
a short account of the higher divisions of the Carboniferous as represented in the 
north of England, pointing out especially that the mode of deposition there was 
nearly of the same character from the base of the Millstone Grit to the Old Red 
series, a slight and very gradual change from brackish to purely marine conditions 
being the only one of a sufficiently marked and important character to be taken 
into account. The author admits but two Carboniferous divisions — the Upper, con- 
sisting of Coal-measures, Gannisterbeds, and Millstone-grit; and the Lower, inclu- 
di::jr ihe Bemician or Carboniferous Limestone and the Tuedian ox Calciferous 


On the Parallel Roads of Glen Roy . By J. Macfadzean. 


On the Parallel Roads of Glen Roy . By David Milne-Homte, LL.D, 

The object of the author in this paper was to notice the views of Dr. Tyndall 
given in a Lecture on Glen Roy, delivered in the Royal Institution, London, on 
21st June, 1870. 

The author thought that Dr. Tyndall had allowed to himself too short a time, 
viz. only two days, for an examination of the Lochaber district, as in that space it 
was impossible to see more than a tenth part of the things which should be exa- 
mined for a solution of the Parallel Roads problem. 

Dr. Tyndall bad apparently gone to the district with preconceived opinions in 
favour of the glacier tlieory to explain how the lakes had been confined. His know- 
ledge of the Swiss glaciers eminently qualified him to see on the spot whatever 
could be urged in support of that view. But, after all, the result of Dr. Tyndall’s 
inspection had only satisfied him that there was a “ probability ” of the correctness 
of the glacier theory, though a probability so great as in Dr. Tyndall's opinion to 
“ amount to a practical demonstration of its truth.” 

To pave the way for the adoption of the glacier theory of lake-barriers, Dr. Tyn- 
dall began his lecture by v- ■* :■ to annihilate what seemed to him the only 

other oxpl anation worthy o; ■ ■ ■ ■», i . / that first suggested by Sir Thos. 1 )ick Lauder, 
and defended by Mr. Milne-Ilome, that the lakes were dammed by detrital blockage. 
He states that this explanation may with safety be ‘‘dismissed as incompetent 
to account for the present condition of Glens Gluoy and Roy.” 

Dr. Tyndall, however, seems to have supposed that no tetter support could be 
given to the detrital theory except what ’was stated in Sir Thomas Lauder’s paper, 
published about sixty years ago, ignoring altogether what had been advanced in 
support of the theory by later writes. lie, for example, states that the detrital 
barriers were supposed by Sir Thomas Lauder to have been heaped up by “ some 
unknown convulsion,” a view which no one now suggests, and wnich Sir Thomas 
himself never entertained. 

What is stated in support of the detrital theory is, that a blockage existed at the 
mouths of the glens, created by the detritus, which then filled the valleys, and 
'w hich reached even to the mountain tops at heights of nearly 2500 feet above the 
sea. Dr. Tyndall admits the abundance of detritus at these heights, and even allows 
that the Parallel Roads were formed on the detritus. 

Glen Collarig shows that the barrier there must have been only 700 or 800 yards 
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in length and about 300 feet in height, as the lakes in that Glen must have been 
separated by a blockage of these dimensions. 

Dr. Tyndall alleges that all the glens on the south side of Glen Spean were filled 
with ice, whilst those on the nortn side were filled with water. But so far from 
there being evidence of these valleys being filled with ice, it appears that they also 
were occupied by lakes, the traces of which are still visible in old beach lines. 

Even if there had been glaciers in Gleus Treig and N’Eoin, as suggested by Mr. 
Jameson, it would have been impossible for these glaciers to have protruded tongues 
long enough to have reached the places in Glens Koy and Collarig where barriers 
are required to have been. 


On High-level Terraces in Carron Valley , County of Linlithgow. 

By David Milne-Home, LL.D. 

The river Carron runs into the Frith of Forth near Grangemouth. The princi- 
pal tributary is the Bonny. 

The whole of that district situated to the east of the Kilsyth and Gargunnoch 
hills is covered with deep beds of gravel and sand. The sand occurs in beds, mostly 
stratified and generally Horizontal. 

No marine fossils have been found in these drift-beds; but the great probability 
is that they are marine. 

The first set of terraces occur at a height of about 140 to 150 feet above the sea. 
Flats at that height occur on both sides of the valley some miles west of Falkirk ; 
these flats slope towards the eastward, i. e. towards the sea, so that near Grange- 
mouth they very little exceed 50 or 00 feet above the sea. 

Terraces at a height of from 140 to 150 feet occur also in the upper parts of the 
Carse of Stirling. 

The second set of terraces occurs only along the banks of the rivers, and is at a 
height in the Carron of about 35 feet, and in the Bonny of about 29 feet above the 
present course of these rivers. 

It is presumable that these haughs were formed when the Carron ran in a channel 
about 27 feet above its present level, and when the Bonny ran about 23 feet above 
its present level. 

The formation of these haughs indicates that the rivers had run permanently in 
channels at that height. The sea therefore, in sinking, had paused in the process, 
and had stood at a height of about 24 or 25 feet above the present level. 

This inference is confirmed by the fact of there being traces of an old sea-beach 
at about that height visible along the coast of the Frith of Forth. 

The pebbles in the gravel-beds of the district are generally fragments of the hard 
porphyry rocks of the Gargunnoch and Kilsyth hills, situated to the westward. 
They could have come from no other quarter. 


On the Bagshot Peat-Beds. By W. S. Mitchell, LL.B. 


On Circinnate Vernation of Sphcnopteris a Aims from the Earliest Stage to 
Completion ; and on the Discovery of Staphylopteris, a Genus new to British 
Rocks. By C. W. Peach, A.L.S. 

The author stated that he had met with Sphcnopteris affinis in the Carboniferous 
“ blaes ” (shales) of an oil-shale pit at West Oalder, near Edinburgh, in circinnate 
vernation, and with it a curious form, apparently a Siaphyloptcris (P), new to British 
rocks. Several species of this new genus have been found in Carboniferous rocks 
by the officers of the Geological Survey of Illinois and Arkansas, in America; these 
are figured and described bv Leo Lesquereux in the Geological Transactions of those 
States. The author stated that his differed from all these, and thus, until more is 
known about the British one, he had provisionally given it their generic name. 
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On the Mountain Limestone of the West Coast of Sumatra . By Dr. E. Homer. 


On the liaised Beach on the Cumberland Coast, between Whitehaven and Bow - 

ness. By II. Husserl, C.E., F.G.S., and J . V, Holmes, F.G.S . , II M. 

Geological Survey , England and Wales. 

On the coast of Cumberland, between Workington and Bowness, the remains of 
an old sea-beach can be most distinctly followed, and south from the former place 
there is abundant evidence to show that the elevation of the land marked by this 
raised beach affected the whole of this portion of the west coast of Cumberland. 

The characteristic appearance which the raised beach presents is a flat of greater 
or less width stretching inland — in some cases terminating at the base of a cliff, and 
in other instances bounded by a flat from 4 to 6 feet below the level of the surface- 
gravel of this old beach. 

North of Workington we have an example of the former case, and at Silloth an 
instance of the latter. 

The surface of this flat is covered with a number of ridges approximately parallel 
to the coast -line and to each other, and these ridges consist oi sand and gravel par- 
tially covered at various places along the coast with blown sand. This ridgy ap- 
pearance is seen to be exactly like that portion of the present beach lying be- 
tween the levels of the highest spring- and the highest neap-tides, where small 
ridges of gravel are observed to be thrown up at the various different levels to which 
the tide flows in the interval between the two periods above referred to. Typical 
examples characteristic of littoral deposits are seen at Workington, Harrington, 
St. Bees, and at numerous places along the coast. 

The general resemblance between this upper terrace and the present beach, even 
in the absence of marine slitdls in the former, shows that the process of formation 
in Loth cases must have been the same. 

On the coast between Workington and Whitehaven it exists in small isolated 
patches, as at the north end of the ridge at Chapel Hill, at Harrington, at Barton, 
and at Whitehaven. From Workington northwards through Maryport to Brown 
Bigg the line of an old sea-cliffis for the most part very distinctly marked, at the 
base of which occurs a flat of from 40 chains to 2 chains in breadth ; at Allonby 
this flat is bounded by a gravel or shingle ridge j while from Silloth north to Grune 
Point, and across Morecambe Bay, from Anthorn to the Solway Viaduct, the country 
on the east of the old beach consists of a loamy plain, several feet below the level of 
this beach, from 3 to 4 miles broad, and dotted here and there with a few patches 
of sand and gravel. 

The height of the raised beach is from 20 to 25 feet, rarely exceeding 30 feet above 
the present sea-level. However the base of the old sea-cliff from Oyster Bank to 
Totter Gill, north of Woihingtnn. is about 40 feet above mean sea-level, and there 
is no distinctive cliff marking a 25-feet beach ; it would therefore seem that after 
the first upheaval the elevation continued to take place very gradually until 40 feet 
was attained, the beginning of the period of elevation being indicated by the level 
of the land at the base of this cliff, and its close by the present sea-level. 

A consideration of the evidence to be obtained from Itoman camps and other 
remains along the coast seems to confirm the conclusion arrived at by Mr. Milne- 
IIome in regard to the latest elevation of the land on the Scotch coasts, viz. that 
it was prior to the Roman occupation of this country. 


Notes on the Drifts and Boulders of the upper part of the Valley of the Wharfe , 
Yorkshire. By ltev. E. Sewell, M.A., F.G.S . , FE.G.S. 

It is evident that the Wharfe valley in many places must once have been filled 
up to a certain height with gravelly drift and boulder-clays, containing a very 
large quantity of Millstone-grit blocks, and that since then the river has exca- 
vated a channel in the drift to the depth, in many places, of at least 150 feet. 
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Now if we suppose the gravelly drift to have been deposited by the river Wharfe, 
this must have taken place after the Glacial period, as it is clearly of newer date 
than the two boulder-clays. It would follow that the longitudinal slope of the 
river-course and other conditions must first have been favourable to deposition, and 
that afterwards the conditions changed, so as to enable the river to commence that 
process of denudation, or carrying away, which is still going on. 

While, however, it is somewhat difficult to conceive of postglacial changes so 
great as these, necessitated by this theory of the lluviatile origin of the gravels, 
we have no clear evidences of such changes having occurred since the final emer- 
gence of the land above the glacial sea. 

The rival theory that the gravels were deposited by the sea during the gradual 
rise in the land accounts for their pell-mell and varied character, and for the exis- 
tence of boulders lying at all angles. The latter may have been dropped from 
floating ice which may still have lingered on the surface of the sea. 

At a considerable elevation above the channels of the Aire and Wharfe, and 
where there is little or no clay or gravel, many angular and siibangular boulders of 
limestone may be seen resting on Millstone-grit. They have chiefly been trans- 
ported from between the north and west, and in manv instances they would appear 
to have crossed the intervening valleys and ridges. Mr. Mackintosh mentions two 
limestone erratics near the south-west corner of Embsay Moor, at an altitude of 
about 1100 feet above the sea. They may likewise be seen on Barden Moor, and a 
large number have been found at Barden Reservoir, about one mile south-west of 
Barden Tower. A few small fragments of limestone may be found resting on the 
Millstone-grit of Rombolds Moor, south of Ilkley, at a height of at least 1100 feet 
above the sea. 

On the east side of the Wharfe valley, near u Appletreewick,” there is a hill, 
consisting of Millstone-grit, called Syinonds Seat (marked in the Ordnance Map 
Earls Seat). On the side of this hill limestone fragments, which must have come 
from the west or north-west, may be traced up to a height of 1200 feel above the 
sea, hut not to a greater height, as I lately ascertained. 

At High Skyreholme, or Trollas Ohyll, about a mile to the north of this hill, 
are found a most interesting series of limestone-ravines, ranging east, north-east, 
and south-east, whose almost perpendicular sides rise 300 feet, their summits being 
not less than 150 yards distance from each other, 1200 feet above the level of the 
sea. On their rugged bottoms are scattered vast numbers of huge blocks of Mill- 
stone-grit in all directions. 

The whole of this district is, geologically, exceedingly interesting. 

The author believes it may now he regarded as a fact there are no erratics on the 
eastern slope of the north Pennine Hills in the district under notice at a greater height 
above the sea than 1200 feet. On the western slope it is well known that they have 
reached a considerably greater altitude. 


On the Upper Silurian Rochs of Lesmahagow. Bg Dr, R. Slimon. 


On the Age , Fauna , and Mode of Occurrence of the Phosphorite Deposits of the 
South of France. By J. E. Taylor, F.G.S . 


On Ridgy Structure in Coal , with Suggestions for accounting for its Origin . 
Bg Prof. James Thomson, F.R.S.E . 


Further Illustrations of the Jointed Prismatic Structure in Basalts and other 
Igneous Rods . By Prof. James Thomson, F.R.S.E. 
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On certain pre- Carboniferous and Metamorphosed Trap-dykes and the Asso- 
ciated Rocks of North Mayo> Ireland, By William A. Traill, M.A.I, 
F.R.G.S.I., JET.il/. Geological Survey of Ireland, 

The author first described the locality in North Mayo lying between Downpatrick 
Head and Broad Haven, and referred to the geological map of Sir Kichard 
Griffith. 

The physical features presented precipitous coast sections at Keady Point 362 
feet high, and at Ben wee Head 82u feet high, in bold and perpendicular headlands. 

The geological formations comprising the older or me tamorphic rocks lying to the 
westward consist of flaggy quartzites and micaceous schists, often much contorted 
and overlapped. The newer or Carboniferous rocks extending from the Ghoui.-i'-era 
river eastward, with a primary dip E.N.E. at low angles, comprise white, yellow, 
and red sandstones, with green and red shales, and limestone bands and beds 
further eastward. 

These Lower Carboniferous sandstones rest unconformably on the metamorphic 
rocks, which is best seen along one side of a fault at Fohernadeevaun, at the mouth 
of the Glenglassera river. The basal bed of the Carboniferous strata is a con- 
glomerate of from 1 to 4 feet in thickness, merging into the overlying sand- 
stone beds. 

With all due deference to the author of the geological map referred to, the presence 
of the band of Devonian rocks, as there represented, intermediate between the meta- 
morphic and Carboniferous rocks, was called in question and regarded as not 
existing in that locality. 

The intrusive igneous rocks of the district, though much resembling each other, 
and both belonging to the basaltic type, were shown to belong to two distinct 
epochs with regard to their time of formation, and also to possess characteristic 
distinctions. 

The older set are undoubtedly of pre-Carboniferous age, as unmistakable frag- 
ments are found in the basal conglomerate of the Carboniferous rocks, and they 
seem to have existed before and to have been metamorphosed with those beds 
among which they had been intruded. Tlmy largely penetrate the metamorphic 
rocks, but are not found within the area of the Carboniferous strata. They occur 
chiefly in sheet-like dykes up to 150 feet in thickness, and are often contprted with 
the beds they penetrate, though apparently the cause of some of the minor crump- 
lings. They are seldom hexagonal, spheroidal, or amygduloidal in structure. 

As examples of these, specimens were exhibited and detailed descriptions given 
of dykes on Benmore and Glencalrv, at Beldeig Harbour, and Laghtmurragha, 
showing the effects of the metamorphic action upon them, viz. the change from a 
hard splintery microcrystalline basalt towards the centre, to a fibrous hornblendic 
schistose rock, with soft green chlorite and nests of green cliloritic mica, the ex- 
terior becoming very schistose, platy, and micaceous, resembling a mica-schist ; in 
part, these might be considered diabases. The felspar is plagioclastic and has a cha- 
racteristic white weathering in crystalline mottliugs through the greenish base. 

The adventitious minerals frequently present are mica, chlorite, epidote, garnets, 
hornblende, quartz, calcite, varieties of felspar, and iron pyrites. 

The newer set, or post-Carboniferous dykes, are probably of Tertiary age, and 
seem to fill cracks or fissures or lines of faults. They are basalts mostly in vertical 
dykes, and always cut the sheet-like dykes, and are frequently hexagonal, sphe- 
roidal, or am\u r dnloidal in structure, and usually bear W.N.W. and E.S.E., and 
seldom exceed 25 feet in width. By their decomposing they separate many of 
the small islands from their respective headlands by narrow precipitous gullies, or 
form chasms into the clifls : one of these clefts has vertical walls over 460 feet 
high, and in part does not exceed some 10 feet in width; this same fissure also 
cuts off some four islands from their adjacent headlands, the view down which is 
almost unique. 


On the Sub-Wealden Exploration . By H. Willktt, F,G.S. 


1876. 
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Recent Researches into the Organization of some of the Plants of the Coal- 
measures. By Professor W. C. Williamson, F.R.S. 

In bringing the subject before the Geological Section the author chiefly aimed 
at demonstrating the structural identity of Calamites and Calamodendron and of 
Lepidodendroti and SigiUaria . The stems of Calamites described in his first 
memoir published in the ‘Philosophical Transactions 'were very young ones, in which 
the highly distinctive Calamitean organization was well preserved, and in one of 
which the vascular cylinder, composed of a ring of detached woody wedges, waa 
enclosed in a thin parenchymatous undifferentiated bark. He now exhibited a series 
of specimens, beginning with one less than ^ inch in diameter, in which the vas- 
cular cylinder was represented by little more than a circle of the canals, one of 
which is located at the inner angle of each vascular wedge, and in which the bark 
was thin undifferentiated parenchyma. From this starting point, the author passed 
through a series of intermediate examples up to one in which a large pith was sur- 
rounded by a cylinder of vessels having a circumference of lo inches, and which in 
turn was enclosed within a bark 2 inches in thickness. The outer portions of the 
vascular cylinder had lost most of the special u»Tni-p< mem - of its tissues so charac- 
teristic of young stems, which were now inMiii- d :\'o a mass of thin radiating vas- 
cular wedges, separated by equally thin medullary ra\s, the condition being almost 
identical at the nodes and at the internodes. The bark also is now differentiated 
into two layers, an inner parenchyma and a thick outer prosenchyma, the cells of 
the latter assuming the prismatic type. There is little or no doubt that externally 
to this the living plant possessed at least a third layer of parenchyma not preserved 
in the author’s specimen. 

A series of sections was then exhibited, demonstrating the erroneousness of 
Brongniart s distinction between Lepidodendron and SigiUaria. The author had 
previously pointed this out in the case of the Lepidodendra characteristic of the 
lowermost Carboniferous rocks obtained from the Burntisland deposit. He now 
showed that it was equally true of the common L. selaginoides of the Upper Coal- 
measures, whilst L. harcourtii has only the structure long ago described by Brong- 
niart, viz. an inner vascular cylinder not developed exogenously. All the other 
Lepidodendra referred to possess an outer exogenous cylinder such as Brongniart 
believed to bo characteristic of SigiUaria , anu which exists in the Anubathra of 
Witharu and the Diploxylon of Corda. The author thus concludes that the Lcpi- 
dodendron harcourtii represents the lowest degree of development seen amongst the 
Lepidodendra , as SigiUaria exhibited the highest, whilst the Lepidudendron selagi- 
noides of the Middle Coal-measures occupies an intermediate position. 


On the Junction of Granite and Old Red Sandstone at Corrie and Glen Sannox f 
Arran. By E. A. Wunscii, F.G.S , 

The object of this paper is to show by specimens and diagrams that the rock 
intervening between tne granite and the stratified rocks on the north-east coast of 
Arran is not, as held by Professor Ramsay and J)r. Bryce, a band of slate. There 
s no slate in all Glen Sannox, nor as far south as Brodick Castle. The sedimentary 
rocks, Old Red and Carboniferous, cropping upon the shore, retain in a remarkabfe 
manner the same general dip, the initial direction of which is given to them by 
the great anticlinal axis of mid Sannox, and abut right against the granitic nucleus 
of the island. 

As we approach the junction, at a height of about 800 feet from the sea-level, 
the angle or inclination becomes more nighly inclined, and the hitherto clearly 
stratified beds assume a granitoid structure. 

At the point of contact the Old Red Sandstone is so altered as to resemble slate, 
and was mistaken for such and circumstantially mapped down as an extensive 
band of slate by Dr. Bryce j but no one cun mistake the real character of the rock 
if he begin bis examination in the bed of the burn, about 60 yards below the 
junction, where the Old Red Sandstone is seen exposed in its unaltered state, fine- 
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grained and of the usual deep red colour, dipping S.E. at an angle of about 45° ; 
and starting from this point the gradually altered character of the rock becomes 
apparent every few yards as we proceed towards the j unction. 

The first appearance of change is shown in a series of chocolate-coloured' -rocks 
with greenish veins and streaks traversing them ; and as these become more indu- 
rated they turn lighter in colour, and take on a beautifully mottled appearance, 
closely resembling variegated marble, and finally, within a few yards of the junc- 
tion, the rock turns dark grey or almost black. The actual contact is beautifully 
seen on the almost perpendicular face of the rock, under a waterfall formed by the 
small burn flowing over the lip of the Corrie south of the grand peak of Ciod-na- 
oigh. 

Identically the same appearances are observed when ascending up to the granite 
in the bed of the “ White Water,” the falls of which form a conspicuous landmark 
on the hillside above Oorrie. 

The author made these two points typical, and his specimens and diagrams re- 
ferred to them ; but numerous other sections are laid bare in the small bums and 
ravines intersecting the hillside, and bear out the same conclusions. 

The author showed a diagram from Corrie to the White Water, showing that if 
it were not for the extensive denudation that has taken place we should probably 
see the Carboniferous rocks abutting against the granite, as they must originally 
have done. He also gave an enlarged copy of Dr. Bryce's map of the localities 
referred to, accompanied by a duplicate map of the same localities and on the same 
scale, with the supposed slate replaced by the Old lied Sandstone. In Glen Sannox 
burn the junction appears to take place by contact of the granite with the massive 
Old lied conglomerate, and he was able to exhibit specimens quarried out of the 
bed of the burn showing large rounded quartz pebbles in a state of semifusion and 
the matrix of the rock traversed by alternate black bands and streaks and white 
semigramtic veins and patches; but though the actual junction must be within a 
few } urds of the spot where he quarried, he was unable to lav it hare, owing to the 
deep water and the mass of gravel and sand in the bed of the burn. 

lie also mentioned that e\ ery where at the point of contact with the Old lied 
Sandstone the granite is delicately mottled or clouded (as shown by his polished 
specimens), as if the black film of the absorbed mass had remained floating and 
become fixed in the white pasty mass. And this appearance he holds is in itself 
sutlicient to point to a junction of granite with rock other than slate; for though 
innumerable instances 111 a) be seen in other parts of the island of junctions of 
granite with true slate, in not a single instance is the adjoining granite affected 
in this particular manner. 


On Siliceous Sponges from the Carboniferous Limestone near Glasgow . 

By John Young, F.G.S. 

The author exhibited a series of mounted specimens of sponge-spicula re- 
cently obtained from a deposit of rotted limestone filling fissures in the Carbo- 
niferous Limestone series at Cunningham Bedland, near Dairy, Ayrshire. He 
stated that the discovery of the spicules was due to the investigation of the 
deposit by Mr. John Smith, of the Geological Society of Glasgow. He was not 
aware of similar -j -.-picul- - hiding been found in any other Carboniferous 
Limestone district w.u n lis ■ 11 ■: -ii Lies, and their abundant occurrence in this 
deposit testified to the existence of sponges with large siliceous spicula over this 
tract of the Scottish Carboniferous sea-bottom. 
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BIOLOGY. 

Address by Alfred Russel Wallace, F.R.G.S., F.L.S . , President of the 

Section . 

The range of subjects comprehended within this Section is so wide, and my 
own acquaintance with them so imperfect, that it is not in mv power to lay 
before you any general outline of the recent progress of the biological sciences. 
Neither do I feel competent to give you a summary of the present status 
of any one of the great divisions of our science, such as Anatomy, Physiology, 
Embryology, Histology, Classification, or Evolution — Philology, Ethnology, or 
Prehistoric Archgeology ; but there are fortunately several outlying and more or 
less neglected subjects to which I have for some time had my attention directed, 
and which I hope will furnish matter for a few observations of some interest to 
biologists, and be at the same time not unintelligible to the less scientific members 
of the Association who may honour us with their presence. 

The subjects I first propose to consider have no general name, and are not easily 
grouped under a single descriptive heading ; but they may bo compared with 
that recent development of a sister science which has been termed Surface- 
geology or Earth-sculpture. In the older geological works we learnt much about 
strata, and rocks, and fossils, their superposition, contortions, chemical constitution, 
and affinities, with some general notions of how they were formed in the remote 
past; but we often came to the end of the volume no whit the wiser as to how 
and why the surface of the earth came to be so wonderfully and beauti- 
fully diversified; we were not told why some mountains are rounded 
and others precipitous ; why some valleys are wide and open, others narrow and 
rocky; why rivers so often pierce through mountain-chains; why mountain 
lakes are often so enormously deep ; whence came the gravel, and drift, and 
erratic blocks so strangely spread over wide areas while totally absent from 
other areas equally extensive. So long as these questions were almost ignored, 
geology could hardly claim to be a complete science, because, while professing to 
explain how the crust of the earth came to be wluit it is, it gave no intelligible 
account of the varied phenomena presented by its surface. But of late years these 
surface-phenomena have been assiduously studied ; the marvellous effects of denu- 
dation and glacial action in giving the final touches to the actual contour of the 
earth’s surface, and their relation to climatic changes and the antiquity of man, 
have been clearly traced, thus investing geology with a new and popular interest, 
and at the same time elucidating many of the phenomena presented in the older 
formations. 

Now just as a surface-geology was required to complete that science, so a surface- 
biology was wanted to make the science of living things more complete and more 
generally interesting, by applying the results arrived at by special workers to the in- 
terpretation of those external and prominent features whose endless variety and beauty 
constitute the charm which attracts us to the contemplation or to the study of nature. 
The descriptive zoologist, for example, gives us the external characters of ani- 
mals ; the anatomist studies their internal structure ; the histologist makes known 
to the nature of their component tissues; the embryologist patiently watches 
the progress of their development ; the systematist groups them into classes and 
orders, families, genera, and species ; while the field-naturalist studies for us their 
food and habits and general economy. But till quite recently none of these earnest 
jtudents, nor all of them combined, could answer satisfactorily, or even attempted 
to answer, many of the simplest questions concerning the external characters and 
general relations of animals and plants. Why are flowers so wonderfully varied 
m form and colour ? what causes the Arctic fox and the ptarmigan to turn white 
m winter? why are there no elephants in America and no deer in Australia P 
why are closely allied species randy found together^ why are male animals so 
frequently bright-coloured P why are extinct animals so often larger than those 
which are now living? what has led to the production of the gorgeous train of 
the peacock and of the two kinds of flower in the primrose ? The solution of 
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these and a hundred other problems of like nature was rarely approached by the 
old method of study, or if approached was only the subject of vague speculation. 
It is to the illustrious author of the ‘ Origin of Species ’ that we are indebted for 
teaching us how to study nature as one great, compact, and beautifully adjusted 
system. Under the touch of his magic wand the countless isolated facts of internal 
and external structure of living things — their habits, their colours, their develop- 
ment, their distribution, their geological history, — all fell into their approximate 
places; and although, from the intricacy of the subject and our very imperfect 
knowledge of the facts themselves, much still remains uncertain, yet we can no 
longer doubt that even the minutest and most superficial peculiarities of animals 
and plants either, on the one hand, are or have been useful to them, or, on the 
other hand, have been developed under the influence of general laws, which we 
may one day understand to a much greater extent than we do at present. So 
great is the alteration effected in our comprehension of nature by the study of 
variation, inheritance, cross-breeding, competition, distribution, protection, and 
selection — showing, as they often do, the meaning of the most obscure phenomena 
and the mutual dependence of the most widely-separated organisms — that it can 
only be fitly compared with the analogous alteration produced in our conception of 
the universe by Newton’s grand discovery of the law of gravitation. 

1 know it will be said (and is said) that Darwin is too highly rated, that some 
of his theories are wholly and others partially erroneous, and that he often builds 
a vast superstructure on a very uncertain basis of doubtfully interpreted facts. Now, 
even admitting this criticism to be well founded — and I myself believe that to a 
limited extent it is so — I nevertheless maintain that Darwin is not and cannot be 
too highly rated ; for his greatness does not at all depend upon his being infallible, 
but on his having developed, with rare patience and judgment, a new system of 
observation and study, guided by certain general principles which are almost as 
simple as gravitation and as ide-ieaehing in their effects. And if other principles 
should hereafter be discovered, or if it be proved that some of his subsidiary theories 
are wholly or partially erroneous, this very discovery can only he made by following 
in Darwin’s steps, b} adopting the method of research which he has taught us, and 
by largely using the rich stores of material which he has collected. The ‘Origin 
of Species, ’ and the grand series of works which have succeeded it, have revolu- 
tionized the study of biology : they have given us new ideas and fertile principles ; 
they have infused life and vigour into our science, and have opened up hitherto 
unthought-of lines of reseirch on which hundreds of eager students are now la- 
bouring. Whatever modifications some of his theories may require, Darwin must 
none tne less be looked up to as the founder of philosophical biology. 

As a small contribution to this great subject, I propose now to call your atten- 
tion to some curious relations of organisms to their environment, which seem to me 
worthy of more systematic study than has hitherto been given them. The points 
I shall more especially deal with are — the influence of locality, or of some unknown 
local causes, in determining the colours of insects, and, to a less extent, of birds; 
and the wav in which certain peculiarities in the distribution of plants may have 
been brought about by their dependence on insects. The latter part of my address 
will deal witli the present state of our knowledge as to the antiquity and early his- 
tory of mankind. 

On some Relation* of Living Things to their Environment. * 

Of all the external characters of animals, the most beautiful, the most varied, and 
the most generally attractive are the brilliant colours and strange yet often elegant 
markings with which so many of them are adorned. Yet of all characters this is 
the most difficult to bring under the laws of utility or of physical connexion. Mr. 
Darwin — as }ou are well aware — has shown how wide is the influence of sex on 
the intensity of coloration ; and he has been led to the conclusion that active or 
voluntary sexual selection is one of the chief causes, if not the chief cause, of all 
the variety and beauty of colour we see among the higher animals. This is one 
of the points on which there is much divergence of opinion even among the sup- 
porters of Mr. Darwin, and one as to which I myself differ from him. I have 
argued, and still believe, that the need of protection is r far more efficient cause of 
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variation of eolour than is generally suspected ; but there are evidently other cause* 
at work, and one of these seems to be an influence depending strictly on locality, 
whose nature we cannot yet understand, but whose effects are everywhere to be 
seen when carefully searched for. 

Although the careful experiments of Sir John Lubbock have shown that insects 
can distinguish colours — as might have been inferred from the brilliant colours of 
the flowers which are such on attraction to them — yet we can hardly believe that 
their appreciation and love of distinctive colours is so refined as to guide and regu- 
late their most powerful instinct — that of reproduction. We are therefore led to 
seek some other cause for the varied colours that prevail among insects ; and as 
this variety is most conspicuous among butterflies — a group perhaps better known 
than any other — it offers the best means of studying the subject. The variety of 
colour and marking among these insects is something marvellous. There are probably 
about ten thousand different kinds of butterflies now known, and about hair of these 
are so distinct in colour and marking that they can be readily distinguished by this 
means alone. Almost every conceivable tint and pattern is represented, and the 
liues are often of such intense brilliance and purity as can be equalled by neither 
birds nor flowers. 

Any help to a comprehension of the causes which may ha\e concurred iu bring- 
ing about so much diversity and beauty must be of value ; and this is my excuse for 
laying before you the more important cases I have met with of a connexion between 
colour and locality. 

Our first example is from tropical Africa, where we find two unrelated groups of 
butterflies belonging to two \ery distinct families (Njmphalidie and Papiliomdse) 
characterized by a prevailing blue-green colour not found in any other continent*. 
Again, we have a group of African Pieridae which are white or pale yellow with a 
marginal row of bead-like black spots ; and in the same country one of the Lyenenidns 
( Leptem erastus) is coloured so exactly like those that it was at first described as 
a species of Pieris. None of these four groups are known to be in any way speci- 
ally protected, so that the resemblance cannot be due to protective mimicry. 

In South America we have far more striking cases ; for in the three subfamilies 
Danaince , Acraitue, and llcliconiince, all of which are specially protected, we find 
identical tints and patterns reproduced, often in the greatest detail, each peculiar 
type of coloration being characteristic of distinct geographical subdivisions of the 
continent. Nine very distinct genera are implicated in these parallel changes — 
Ly corea, Ceratinia , Mechanitis , Ithomia , Melincea , TitJiorea , Aercra , Heliconius , and 
JEueides , groups of three or four (or even five) of them appearing together in the 
same livery in one district, while in an adjoining district most or all of them undergo 
a simultaneous change of coloration or of marking. Thus in the genera Ithomia , 
Mechanitis , and Heliconius we have species with yellow apical spots in Guiana, ail 
represented by allied species with white apical spots in South Brazil. In Mecha- 
nitis , Melincea , and Heliconius , and sometimes in Tithorca , the species of the 
Southern Andes (Bolivia and Peru) arc characterized by an orange ana black livery, 
while those of the Northern Andes (New Granada) are almost always orange-yellow 
and black. Other changes of a like nature, which it would be tedious to enumerate, 
but which are very striking when specimens are examined, occur in species of the 
same groups inhabiting these same localities, as well as Central America and the 
An tUles. The resemblance thus produced between widely different insects is some- 
times general, but often so close and minute that only a critical examination of 
structure can detect the difference between them. Yet this can hardly be true 
mimicry, because all are alike protected by the nauseous secretion whicn renders 
them unpalatable to birds. 

In another series of genera ( Catagramma , Cal lit he a f and Ayrxas ), all belonging to 
the Nymphalidse, we have the most vivid blue ground, with broad bands of orange- 
crimson or a different tint of blue or purple, exactly reproduced in corresponding, 
yet unrelated species, occurring in the same locality ; yet, as none of these groups 
are protected, this can hardly be true mimicry. A few species of two other genera 

# Romaleomma and Eury phene (Nymphalidir), Papilio r a l mo, r is and several species of 
the Nirews-group (PapiMonidie). 
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in the same country (Eunica and Siderone) also reproduce the same colours, hut 
with only a general resemblance in the marking. Yet, again, in Tropical America 
we have species of Apatura which, sometimes in both sexes, sometimes in the 
female only, exactly imitate the peculiar markings of another genus (Heterochroa) 
confined to America : here, again, neither genus is protected, and the similarity 
must be due to unknown local causes. 

But it is among islands that we find some of the most striking examples of the 
influence of locality on colour, generally in the direction of paler, but sometimes of 
darker and more brilliant hues, and often accompanied by an unusual increase of 
size. Thus in the Moluccas and N.ew Guinea we have several Tapilios (P. euchenor , 
P. ormenus , and P. tydeus) distinguished from their allies by a much paler colour, 
especially in the females, which are almost white. Many species of Danats 
(forming the subgenus Ideopsis) are also very pale. But the most curious are the 
Euplocas, which in the larger islands are usually of rich dark colours, while in the 
small islands of Banda, Kd, and Matabello at least three species not nearly related 
to each other (E. hoppferi, E. euripon , and E. asmnilata) are all broadly banded or 
suffused with white, their allies in the larger islands being all very much darker. 
Again, in the genus Diadem ft , belonging to a distinct family, three species from 
the small Aru and Kd islands (I). cleois, _D. hewitsonii , and I). poly?nena) are all 
more conspicuously white-marked than their representatives in the larcrer islands. 
In the beautiful genus Cethosia , a species from the small island of Waigiou ((?. 
cyrene ) is the whitest of the genus. Prothoe is represented by a blue species in 
the continental island of Java, while those i'dim the ancient insular groups 
of the Moluccas and New Guinea are all pale yellow or white. The genus DrmiUa y 
almost confined to these Hands, comprises many species which are all very pale ; 
while in the small island of Waigiou is found a very distinct genus, Hyantis , which, 
though differing completely in the neuration of the wings, has exactly the same 
pale colours and large ocellated spots as Drusilla. Equally remarkable is the fact 
that the small island of Amboina produces larger-sized butterflies than any of the 
larger islands which surround it. This is the case with at least a dozen butterflies 
belonging to many distinct genera* * * § so that it is impossible to attribute it to other 
than some local influence. In Celeoes, as I hav6 elsewhere pointed outf, we have 
a peculiar form of wing and much larger size running through a whole series of 
distinct butterflies ; and this seems to take the place of* any speciality in colour. 

From the Fiji Islands wo have comparatively few butterflies ; but there are 
several species of Diadema of unusually pale colours, some almost white. 

The Philippine Islands seem to have the peculiarity of developing metallic colours. 
We find there at least three species of Eapl(va% not closely related, and all of more 
intense metallic lustre than their allies in other islands. Here also we have one of 
the large yellow Ornithopterce (O. maycllamis ), whose hind wings glow with an 
intense opaline lustre not found in any other species of the entire group ; and an 
Adolias § is larger and of more brilliant metallic colouring than any other species 
in the archipelago. In these islands also we find the extensive and wonderful 
genus of weevils (Pachyrhynchus ) , which in their brilliant metallic colouring 
surpass any thing found in the whole eastern hemisphere, if not in the whole 
world. 

In the Andaman Islands in the Bay of Bengal there are a considerable number 
of peculiar species of butterflies differing slightly from those on the continent, and 
generally in the direction of paler or more conspicuous colouring. Thus two 
species of Papilio which on the continent have the tails black, in their Andaman 
representatives have them either red- or white-tipped ||. Another species H is richly 
blue-handed 'where its allies are black ; while tliree species of distinct genera of 

* Ornithoptera priamus, 0. hchna , Papilio deipkobus , P. ttlysses, P. gajnbrisius, P. codrtts, 
Iphias leucippc, Euploea prothoe , Hestia idea } Athymajocasle, Diadema pandarus y Nymphalh 
p\i > 1 * V . / Drusilla jairus. 

1 1 ( \ r' 1 to the Theory of Natural Selection/ pp. 168-173. 

t Eupleea hewifxonh, E, diocletiana, E. Icstifica. 

§ Aaolias ealltphortis . 

U Papilio rhoaifer (near P. doubkdayi) and Papilio char teles (near P. memnon ), 

•jf Papilio mayo. 
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Nvmphalidae* all differ from their allies on the continent in being of excessively 
pale colours as well as of somewhat larger size. 

In Madagascar we have the very large and singularly white-spotted Papilio an - 
tenor , while species of three other genera f are very white or conspicuous compared 
with their continental allies. 

Passing to the West-Indiau Islands and Central America (which latter country 
has formed a group of islands in very recent times) we have similar indications. 
One of the largest of the Papilios inhabits Jamaica J, while another, the largest of 
its group, is found in Mexico §. Cuba has two of the same genus whose colours 
are of surpassing brilliancy || ; while the fine genus Clothilda — confined to the 
Antilles and Central America — is remarkable for its rich and showy colouring. 

Persons who are not acquainted with the important structural differences that 
distinguish these various genera of butterflies can hardly realize the importance 
and the significance of such facts as I have now detailed. It may be well, there- 
fore, to illustrate them by supposing parallel cases to occur among the Mammalia. 
We might have, for example, in Africa, the gnus, the elands, and the buffaloes, 
all coloured and marked like zebras, stripe for stripe over the whole body exactly 
corresponding. So the hares, marmots, and squirrels of Europe might be all red 
with black feet, while the corresponding species of Central Asia were all yellow 
with black heads. In North America we might have raccoons, squirrels, and 
opossums in parti-coloured livery of white and black, so as exactly to resemble the 
skunk of the 8 mie country ; while in South America they might be black with a 
yellow throat-patch, so as to resemble with equal closeness the ta> ra of the Brazilian 
forests. Were such resemblances to occur in any thing like the number and with 
the wonderful accuracy of imitation met with among the Lepidoptera, they would 
certainly attract universal attention among naturalists, and 'would lead to the 
exhaustive study of the influence uf local causos in producing Mich startling results. 

One somewhat similar case does indeed occur among the Mammali », two singular 
African animals, the Aard-wolf ( Proteles ) and the Imenu-dog ( Lycaon ), both 
strikingly resembling In a? lias in their general form as well as in their spotted 
markings. Belonging as they all do to the Carnivora, though to three distinct 
families, it seems quite an analogous case to those we have imagined ; but as the 
Aard-wolf and the hyiena-dog are both weak animals compared with the hyivna, 
the resemblance may be useful, and in that case would come under the head of 
mimicry. This seems the more probable because, as a rule, the colours of the 
Mammalia are protective, and are too little varied to allow of the influence of local 
causes producing any well-marked effects. 

When we come to birds, however, the case is different; for although they do 
not exhibit such distinct marks of the influence of locality as do butterflies— ^pro- 
bably because the causes which determine colour are in their case more complex — 
yet there are distinct indications of some effect of the kind, and we must devote 
some little time to their consideiation. 

One of the most curious cases is that of the parrots of the We-t-Indian Islands 
and Central America several of which have whiteheads or foreheads, occurring in 
two distinct genera U, while none of the more numerous parrots of South Ameiica 
are so coloured. In the small island of Oominici we bay e a \ery large and richly- 
coloured parrot ( Chrysalis auyusta) corresponding to the large and richly-coloured 
Papilio homerus of Jamaica. 

The Andaman Islands are equally remarkable, at least six of the peculiar birds 
differing from their continental allies in being much lighter, and sometimes with 
a large quantity of pure white in the plumage**, exactly corresponding to what 
occurs among the butterflies 

In the Philippines this is not so marked a feature ; yet we have here : — the only 
known white-breasted kingcrow (Jhcntrus mirabdis) ; the newly discovered Eury - 

# Etiploea andamanentis, Cet koala hibhs , Cyreshs codes. 
t Danais mmioia, Melanitiz mawoura, Diadema deaithca. 

1 Papilio hcmerus. § P. dannvs, |j P. y and ladu anus, P. villimn. 

% Pionus al hi front and Ckry$of>s tenths (C .America), Chn/soHs mlUn (llayti). 

# * Kiftacincla alb t vent ns , Qeocichla albtytdans , H f nrna andamanensts , Hylo'crye yrteola, 
rar., Ianthctnas palumboiict, Chmof reran ehloroptcra . 
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Icemm Steerii, wholly white beneath ; three species of Diceum , all white beneath ; 
several species of Farm, largely white-spotted ; while many of the pigeons have 
light ashy tints. The birds generally, however, have rich dark colours, similar to 
those which prevail among the butterflies. 

In Celebes we have a swallow-shrike and a peculiar small crow allied to the 
jackdaw *, whiter than any of their allies in the surrounding islands; but otherwise 
the colours of the birds call for no special remark. 

In Timor and Flores we have white-headed pigeons t, and a long-tailed fly- 
catcher almost entirely white f. 

In the small Lord Howe’s Island we have the recently extinct white rail 
(Not or nix alba ), remarkably contrasting with its allies in the larger islands of New 
Zealand. 

We cannot, however, lay any stress on isolated examples of white colour, since 
these occur in most of the great continents ; but where we find a series of species 
of distinct genera all differing from their continental allies in a whiter coloration, 
as in the Andaman Islands and the West Indies, and, among butterflies, in the 
smaller Moluccas, the Andamans, and Madagascar, we cannot avoid the conclusion 
that in these insular localities some general cause is at work. 

There are other cases, however, in which local influences seem to favour the 
production or preservation of intense crimson or a very dark coloration. Thus in 
the) Moluccas and New Guinea alone we have bright red parrots belonging to two 
distinct families §, and which therefore most probably have been independently 
produced or preserved bv some common cause. Here, too, and in Australia we 
mi\e black parrots and pigeons || ; and it is a most curious and suggestive fact that 
in another insular subregion — that of Madagascar and the Mascarene Islands — these 
same colours reappear in the same two groups ^f. 

Some very curious physiological facts bearing upon the presence or absence of 
white colours in the higher animals have lately been adduced by I)r. Ogle ## , It 
has been found that a colouied or dark pigment in the olfactory region of the 
nostrils is essential to perfect smell, and this pigment is rarely deficient except when 
the whole animal is pure white. In these cases the creature is almost without 
smell or taste. This, Dr. Ogle believes, explains the curious case of the pigs in 
Virginia adduced by Mr. Darwin, white pigs being killed by a poisonous root 
which does not affect black pigs. Mr. Darwin imputed this to a constitutional 
difference necompaming the dark colour, which rendered what was poisonous to 
the white-coloured animals quite innocuous to the black. Dr. Ogle, however, 
observes that there is no proof that the black pigs eat the root, and he believes the 
more probable explanation to be that it is distasteful to them ; while the white 
pigs, being deficient in smell and taste, eat it and arc killed. Analogous facts occur 
in se\eral distinct families. 'White sheep are killed in the Tarentino by eating 
Hypericum crispwn, while black sheep escape ; white rhinoceroses are said to perish 
from eating Euphorbia candelabrum ; and white horses are said to suffer from 
poisonous food where colour* d ones escape. Now it is very improbable that a 
constitutional immunity from poisoning by so many distinct plants should, in the 
case of such widely different animals, be always correlated with the same differ- 
ence of colour; but the facts are readily understood if the senses of smell and 
taste are dependent on the presence of a pigment which is deficient in wholly white 
animals. The explanation has, howler, been carried a step further, by experi- 
ments showing that the absorption of odours by dead matter, such as clothing, is 
greatly affected by colour, black being the most pow erful absorbent ; then blue, red, 
yellow, and lastly white. We have heie a physical cause for the sense-inferiority 
of totally white animals which may account for their rarity in nature: for few, 
if any, wild animals are wholly white ; the head, the face, or at least the muzzle 
or the nose, are generally blacl* ; the oars and eyes are also often black : and there 
is reason to belicAe that dark pigment is essential to good hearing, as it certainly 

# Arf'amus mvnaehvs . Curves advena . 

t Vt dopes cau tus, P. albacimtus. { Tckitrea affnis> var. 

§ Lorw*, Eos (TriehoglossidffA Fclreftn (Palarornithida?). 

|| Mtei ogloss us } ( a h/pf* u In. h < h . Turactena. Coracopsis, Alecfrcenat, 

Medico-Chirurgicai Transactions, vol. liii. (1870). 
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id to perfect vision. We can therefore understand why white cats with blue eyes 
are so often deaf, a peculiarity we notice more readily than their deficiency of smell 
or taste. 

If, then, the prevalence of white coloration is generally accompanied with some 
deficiency in the acuteness of the most important senses, this colour becomes 
doubly dangerous ; for it not only renders its possessor more conspicuous to its 
enemies, but at the same time makes it less ready in detecting the presence of 
danger. Hence, perhaps, the reason why white appears more frequently in islands, 
where competition is less severe and enemies less numerous and varied. Hence, also, 
a reason why albimism , although freelv occurring in captivity, never maintains 
itself in a wild state, while melanism does. The peculiarity of some islands in 
having all their inhabitants of dusky colours (as the Galapagos) may also perhaps 
be explained on the same principles ; for poisonous fruits or seeds may there abound 
which weed out all white- or light-coloured varieties, owing to their deficiency of 
smell and taste. We can hardly believe, however, that this would apply to white- 
coloured butterflies ; and this may be a reason why the effect of an insular habitat 
is more marked in these insects than in birds or mammals. But though inappli- 
cable to the lower animals, this curious relation of sense-acuteness with colours 
may have had some influence on the development of the higher human races. If 
light tints of the 9kin were generally accompanied by some deficiency in the senses 
of smell, hearing and vision, the white could never compete with the darker races 
so long as man was in a very low or savage condition, and wholly dependent for 
existence on the acuteness of his senses. But as the mental faculties became more 
fully developed and more important to his welfare than mere sonse-acuteuess, the 
lighter tints of skin and hair and eyes would cease to bo disad^ antageous whenever 
they were accompanied by superior braiu-power. Such variations would then bo 
preserved ; and thus may havo arisen the Xanthochroic race of mankind, in which 
we find a high development of intellect accompanied by a slight deficiency in the 
acuteness of the senses as compared with the darker forms. 

I have now to ask your attention to a few remarks on the peculiar relations of 
plants and insects as exhibited in islands. 

EversinceMr. Darwin showed the immense importance of insects in the fertilization 
of flowers great attention has been paid to the subject, and the relation of these tw o 
very different classes of natural objects has been found to be more universal and 
more complex than could have been anticipated. "Whole genera and families of 
plants have been so modified as first to attract, and then to be fertilized by, certain 
groups of insects ; and this special adaptation seems in many cases to have deter- 
mined the more or less wide range of the plants in question. It is also known 
that some species of plants can be fertilized only by particular species of insects; 
and the absence of these from any locality would necessarily pretent the continued 
existence of the plant in that area. Here, I believe, will be found the clue to 
much of the peculiarity of the florae of oceanic Blands, since the methods by which 
these have been stocked with plants and insects will be often quite different. 
Many seeds are, no doubt, carried by oceanic currents, others probably by aquatic 
birds. Mr. II. N. Moseley informs me that the albatrosses, gulls, puffins, tropic 
birds, and many others nest inland, often amidst dense vegetation, and lie believes 
they often carry seeds, attached to their feathers, from island to island for great 
distances. In the tropics they often nest on the mountains far inland, and may 
thus aid in the distribution oven of mountain-plants. Insects, on the other hand, 
are mostly conveyed by aerial currents, especially by violent gales; and it may 
thus often happen that totally unrelated plants and insects may be brought toge- 
ther, in whicn case the former must often perish for want of suitable insects to 
fertilize them. This will, I think, account for the strangely fragmentary nature of 
these insular floras, and the great differences that often oxist between those which 
are situated in the same ocean, as well as for the preponderance of certain orders 
and genera. In Mr. Pickering’s valuable work on the ‘ Geographical Distribution 
of Animals and Plants,’ he gives a list of no less than sixty-six natural orders of 
plants unexpectedly absent from Tahiti, or which occur in many of tho surrounding 
lands, some being abundant in other islands — as the Labi atm at the Sandwich 
Islands. In these latter islands the flora is much richer, yot a large number of 
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families which abound in other parts of Polynesia are totally wanting. Now much 
of the poverty and exceptional distribution of the plants of these islands is pro- 
bably due to the great scarcity of flower-frequenting insects. Lepidoptera and 
Ilymenoptera are exceedingly scarce in the eastern islands of the Pacific, and it is 
almost certain that many plants which require these insects for their fertilization 
have been thereby prevented from e-'.illi :• _r themselves. In the western islands, 
such as the Fijis, several species of butterflies occur in tolerable abundance, and no 
doubt some flower-haunting Ilymenoptera accompany them ; and in these islands 
the flora appears to be much more \aried, and especially to be characterized by a 
much greater variety of showy flowers, as may be seen by examining the plates of 
Dr. Seemann's 1 Flora Vitiensl8. , 

Darwin and Pickering both speak of the great preponderance of ferns at Tahiti ; 
and Mr. Moseley, who spent several days in the interior of the island, informs mo 
that u at an elevation of from 2000 to .‘3000 feet the dense vegetation is composed 
almost entirely of ferns. A. tree fern ( Ahophila tahitensis ) forms a sort of forest to 
the exclusion of almost every other tree, and, with huge plants of two other ferns 
(Angiopterix cvccta and Axpelenmm nidus), forms the main mass of the vegetation.” 
And he adds, u I have nowhere seen ferns in so great proportionate abundance.” 
This unusual proportion of terns is a general feature of insular as compared with 
continental floras ; but it lias, I believe, been generally attributed to favourable 
conditions, especially to equable climate and perennial moisture. In this respect, 
however, Tahiti can hardly differ greatly from many other islands, which yet have 
no such vast preponderance of ferns. This is a question that cannot be decided by 
mere lists of species, since it is probable that in Tahiti they are less numerous than 
in some other islands where they form a far less conspicuous feature in the vege- 
tation. The island most comparable with Tahiti in that respect is Juan Fernandez. 
Mr. Moseley writes to me : — “In a general view of any wide stretch of the densely 
clothed mountainous surface of the island, the ferns, both tree ferns and the un- 
stemmed forms, are seen at once to compose a very large proportion of the mass of 
foliage.” As to the insects of Juan Fernandez, Mr. Edwyn C. Heed, who mado 
two visits and spent several weeks there, has kindly furnished me with some exact 
information. Of butterflies there is only one ( Pyrameis carte ), and that rare — a 
Chilian species, and probably an accidental straggler. Four species of moths of 
moderate size were observed (all Chilian), and a few larvae and pupae. Of bees 
there were none, except one very minute species (allied to Chilicola ), and of other 
Ilymenoptera a single specimen of Ophtoti luteus (a cosmopolitan ichneumon). 
About twenty species of flies were observed, and these formed the most prominent 
feature of the entomology of the island. 

Now, ns far as we know, this extreme entomological poverty agrees closely with 
that of Tahiti; and there are probably no other portions of the globe equally 
favoured iu soil and climate, and with an equally luxuriant vegetation, where 
insect-life is so scantily developed. It is curious, therefore, to find that these two 
islands also agree in the wonderful predominance of ferns over the flowering plants 
— in individuals (nen more than in species; and there is no difficulty in connecting 
the two facts. The excessive minuteness and great abundance of fern-spores causes 
them to bo far more easily distributed by winds than the seeds of flowering plants, 
and they are thus always ready to occupy any vacant places in suitable localities, 
and to compete with the less vigorous flowering plants. But where insects are so 
scarce, all plants which require insect-fertilization, whether constantly to enable 
them to produce seed at all, or occasionally to keep up their constitutional vigour 
by crossing, must be at a great disadvantage ; and thus the scanty flora which 
oceanic islands must always possess, peopled as they usually are by waifs and 
strays frofti other lands, is rendered still more scanty by the weeding out of all 
such as depend largely on insect-fertilization for their full development. It seems 
probable, therefore, that the preponderance of ferns in islands (considered in mass 
of individuals rather than in number of species) is largely due to the absence of 
competing phn'nognmous plants, and that this is in great part due to the scarcity 
of insects. In other oceanic islands, such as New Zealand and the Galapagos, 
where ferns, although tolerably abundant, form no such predominant feature m the 
vegetation, but where the scarcity of flower-haunting insects is almost equally 
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marked, we find a gieat preponderance of small, green, or otherwise inconspicuous 
flowers, indicating that only such plants have been enabled to flourish there as are 
independent of insect-fertilization. In the Galapagos (which are perhaps even 
more deficient in flung insects than Juan Fernandez) this is so striking a feature 
that Mr. Darwin speaks of the vegetation as consisting in great part of “ wretched- 
looking weeds,” and states that u it was some time before he discovered that almost 
every plant was in flower at the time of his visit.” He also says that he “ did not 
see one beautiful flower” in the islands. It appears, however, that Composite, 
Leguminoste, Rubiaceie, and Solanaceee form a large proportion of the fioweiing 
plants; and as these are orders which usually require insect-fertilization, we must 
suppose, either that they have become modified so as to be self-fertilized, or that 
they are fertilized by the visits of the minute Diptera and Ilymenoptera, which are 
the only insects recorded from these islands. 

In Juan Fernandez, on the other hand, there is no such total deficiency of showy 
flowers. I am informed by Mr. Moseley that a variety of the Magnoliaceous winter- 
bark abounds and has showy white flowers, and that a Bignoniaceous shrub with 
abundance of dark blue flowers was also plentiful ; while a white-flowered Liliaceous 
plant formed large patches on the hill-sides. Besides these there were two species 
of woody Composite with conspicuous heads of yellow blossoms, and a species of 
white-flowered myrtle also abundant ; so that, on the whole, flowers formed a rather 
conspicuous feature in the aspect of the vegetation of Juan Fernandez. 

But this fact — which at first sight seems entirely at variance with the view we 
are upholding of the important relation between the distribution of insects and 
plants — is well explained by the existence of two species of humming-bird:* in 
Juan Fernandez, which, in tlieir visits to the:»e large and showy flowers, fertilize 
them as efleetually as bees, moths, or butterflies. Mr. Moseley informs me that 
“ these humming-birds are ettraordinarify abundant , every tree or bush having one 
or two darting about it.” He also observed that “ nearly all the specimens killed 
had the feathers round the base of the bill and front of the head clogged and 
coloured yellow with polleu.” Here, then, we have the clue to the perpetuation 
of large and showy flowers in Juan Fernandez ; while the total absence of hum- 
ming-birds in the G.daia m.iy explain why no such large-flowered plants have 
been able to • lie m- i\ ■* in those equ itorial islands. 

This leads to the observation that many other groups of birds also, no doubt, aid 
in the fertilization of flowers. I have often observed the beaks and faces of the 
brush-tongued lories of the Moluccas covered with pollen ; and Mr. Moseley noted 
the same fact in a species of Artamus , or swallow-shrike, shot at Cape York, show- 
ing that this genus also frequents flowers and aids in their fertilization. In the 
Australian region we have the immense group of the Meliplmgidic, which all 
frequent flowers; and as these range over all the islands of the Pacific, their presence 
will account for a certain proportion of showy flowers being found there, such as 
the scarlet Metrosideros , one of the few conspicuous flowers in Tahiti. In the 
Sandwich Islands, too, there are forests of Metroxuhrox ; and Mr. Charles Pickering 
writes me, that they are visited by honey-sucking birds, one of which is captured 
by sweetened bird-lime, against which it thrusts its extensile tongue. I am also 
informed that a considerable number of flowers are occasionally fertilized by hum- 
ming-birds in North America ; so that there can, I think, be little doubt that birds 

? lay a much more important part in this respect than has hitherto been imagined. 

t is not improbable tnat in Tropical America, where the humming-bird family is 
so enormously developed, many flowers will be found to be expressly adapted to 
fertilization by them, just as so many in our own country are specially adapted 
to the visits of certain families or genera of insects. 

It must also be remembered, as Mr. Moseley has suggested to me, that a flower 
which had acquired a brilliant colour to attract insects might, on transference to 
another country, and becoming so modified as to be capable of self-fertilization, 
retain the coloured petals for an indefinite period. Such is probably the explana- 
tion of the Pelarf/onivm of Tristan d’Acunha, which forms masses of bright colour 
near the shore during the flowering season ; while most of the other plants of tho 
island have colourless flowers, in accordance with the almost total absence of winged 
insects, The presence of many large and showy flowers among the indigenous 
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flora of St. Helena must be an example of a similar persistence. Mr. Melliss 
indeed states it to be u a remarkable peculiarity that the indigenous flowers are, 
with very slight exceptions, all perfectly colourless ; ”* but although this may apply 
to the general aspect of the remains of the indigenous flora, it is evidently not the 
case as regards the species , since the interesting plates of Mr. Melliss’s volume show 
that about one third of the indigenous flowering plants have more or less coloured 
or conspicuous flowers, while several of them are exceedingly showy and beautiful. 
Among these are a Lobelia , three Wahlenberyias , several Composite e, and especially 
the handsome red flowers of the now almost extinct forest-trees, the ebony and 
redwood (species of Melhania , Byttneriaeem). We have every reason to believe, 
however, that when St. Helena was covered with luxuriant forests, and especially 
at that remote period when it was much more extensive than it is now, it must 
have supported a certain number of indigenous birds and insects, which would have 
aided in the fertilization of these gailv-coloured flowers. The researches of Dr. 
Hermann Muller have shown us by what minute modifications of structure or of 
function many flowers are adapted for partial insect- and self-feitilization in various 
decrees; so that we have no difficulty in understanding how, as the insects diminished 
and finally disappeared, self-fertilization may have become the rule, while the large 
and showy corollas remain to tell u^ plainly of a once different state of things. 

Another interesting fact in connexion with this subject is the presence of arbo- 
rescent foi ms of Comp( sitie in so many of the remotest oceanic islands. They 
occur in the Galapagos, in Juan Fernandez, in St. Helena, in the Sandwich Islands, 
and in New Zealand ; but they are not diiectly related to each other, representatives 
of totally different tiiles of this extenshe order ht coming arborescent in each 
group of islands. The immense range and almost universal distribution of the 
Composite is due to the combination of a great facility of distribution (by their 
seeds) with a great attractiveness to insects, and the capacity of being fertilized by 
a variety of species of all ordeis, and especially by flies and small beetles. Thus 
they would be among the earliest of flowering plants to establish themselves on 
oceanic Blands ; but where insects of all kinds were very scarce it would be an 
advantage to gain increased size and longevity, so that fertilization at an interval 
of several >ears might suffice for the continuance of the species. The arboiescent 
form would combine with increased longevity the ad'santage of increased size in 
the struggle for existence with ferns and other early colonists; and these advantages 
have led to its being independently produced in so many distant localities, whose 
chief feature in common is their remoteness from continents and the extreme 
poverty of their insect life. 

As the sweet odours of flowers are known to act in combination with their 
colours, as an attraction to insects, it might be anticipated that where colour was 
deficient scent would be so also. On applying to my friend Dr. Hooker for infor- 
mation as to New-Zealand plants, he informed me that this was certainly the case, 
and that the New-Zealand flora is, speaking generally, a- - deficient in 

sweet odours as in conspicuous colours. Whether this p* < si'is:: -s \ * urs in other 

islands, I have not been able to obtain information ; but we may certainly expect 
it to be so in such a marked instance as that of the Galapagos flora. 

Another question which here comes before us is the origin and meaning of the 
odoriferous glands of leaves. Dr. Hooker informed me that not only are New- 
Zealand plants deficient in scented flowers, but equally so in scented leaves. This 
led me to think that perhaps such leaves v\ere in some way an additional attrac- 
tion to insects — though it is not easy to understand how this could be, except by 
adding a general attraction to the special attraction of the flowers, or by supporting 
the larvae which, as perfect insects, aid in fertilization. Mr. Darwin, however, 
informs me that he considers that leaf-glands hearing essential oils are a protection 
against the attacks of insects where these abound, and would thus not he required 
in countries where insects vv ere very scarce. But it seems opposed to this view 
that highly aromatic plants are characteristic of deserts all over the world, and in 
such places insects are not abundant. Mr. Stainton informs me that the aromatic 
Labiatae enjoy no immunity from insect attacks. The bitter leaves of the cherry- 


Mellisss ‘ St. Helena/ p. 226, note. 
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laurel are often eaten toy the larvie of moths that abound on our fruit-trees ; while 
in the Tropics the leaves of the orange tribe are favourites with a large number of 
lepidopterous larvae ; and our northern firs and pines, although abounding in a 
highly aromatic resin, are very subject to the attacks of beetles. My friend Dr. 
Richard Spruce — who while travelling in South America allowed nothing connected 
with plant-life to escape his observation — informs me that trees whose leaves have 
aromatic and often resinous secretions in immersed glands abound in the plains of 
tropical America, and that such are in great part, if not wholly, free from the 
attacks of leaf-eating ants, except where the secretion is only slightly hitter, as in 
the orange tribe, orange-trees being sometimes entirely denuded of their leaves in 
a single night. Aromatic plants abound in the Andes up to about 13,000 feet, as 
well as in the plains, but hardly more so than in Central and Southern Europe. 
They are perhaps more plentiful in the dry mountainous parts of Southern 
Europe ; and as neither here nor in the Andes do leaf-eating ants exist, Dr. Spruce 
infers that, although in the hot American forests where such ants swarm the oil- 
bearing glands serve as a protection, yet they were not originally acquired for that 
purpose. Near the limits of perpetual snow on the Andes such plants as occur 
are not, so far as Dr. Spruce has observed, aromatic ; and as plants in such situa- 
tions can hardly depend on insect visits for their fertilization, the fact is com- 
parable with that of the flora of New Zealand, and would seem to imply some 
relation between the two phenomena, though what it exactly is cannot yet be 
determined. 

I trust I have now been able to show you that there are a number of curious 
problems lying as it were on the outskirts of biological inquiry which well merit 
attention, and which may lead to valuable results. J3ut these problems are, as 
you see, for the most part connected with questions of locality, and require full 
and accurate knowledge of tho productions of a number of small islands and other 
limited areas, and the means of comparing them the one with the other. To 
make such comparisons, however, is now quite impossible. No museum contains 
any fair representations of the productions of these localities ; and such specimens 
as do exist, being scattered through the general collection, are almost useless for 
this special purpose. If, then, we are to make any progress in this inquiry, it is 
absolutely essential that some collectors should begin to arrange their cabinets 
primarily on a geographical basis, keeping together the productions of e\ery island 
or group of islands, and of such divisions of each continent as are found to possess 
any special or characteristic fauna or flora. We shall then be sure to detect many 
unsuspected relations between the animals and plants of certain localities, and wo 
shall become much better acquainted with those complex reactions between the 
vegetable and animal kingdoms, and between the organic world and the inorganic, 
which have almost certainly played an important part in determining many of the 
most conspicuous features of living things. 


Rise and Progress of Modem Views as to the Antiquity and Onyin of Man. 

I now come to a branch of our subject which I would gladly have a\oided 
touching on ; hut as the higher powers of this Association lia\o decreed that T should 
preside over the Anthropological Department, it seems proper that I should devote 
some portion of my address to matters more immediately connected with tho 
special study to which that Department is devoted. 

As my own knowledge of and interest in Anlhi-»p..l.,gi is confined to the great 
outlines rather than to the special details of the science, I propose to give a very 
brief and general sketch of the modern doctrine as to the Antiquity and Origin of 
Man, and to suggest certain points of difficulty which have not, I think, yet re- 
ceived sufficient attention. 

Many now present remember the time (for it is little more than twenty years 
ago) when the antiquity of man, as now understood, was universally discredited. 
Not only theologians, hut even geologists, then taught us that man belonged alto- 
gether to the existing state of things ; that the extinct animals of the Tertiary 
period had finally disappeared, and that the earth’s surface had assumed its present, 
condition before the human race first came into existence. So prepossessoct were 
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even scientific men with this idea — which yet rested on purely negative evidence, 
and could not be supported by any arguments of scientific value — that numerous 
facts which had been presented at intervals for half a century, all tending to prove 
the existence of man at very remote epochs, were silently ignored ; and, more than 
this, the detailed statements of three distinct and careful observers confirming each 
other were rejected by a great scientific Society as too improbable for publication, 
only because* they proved (if they were true) the coexistence of man with extinct 
animals *. 

But this state of belief in opposition to facts could not long continue. In 1859 
a few of our most eminent geologists examinod for themselves into the alleged 
occurrence of flint implements in the gravels of the north of France, which had 
been made public fourteen years before, and found them strictly correct. The 
caverns of Devonshire were about the same time carefully examined by equally 
eminent observers, and were found fully to bear out the statements of those who 
had published their results eighteen years before. Flint implements began to be 
found in all suitable localities in the south of England, when carefully searched 
for, ofteu in gravels of equal antiquity with those of France. Caverns giving 
evidence of human occupation at various remote periods were explored in Belgium 
and the south of France — lake-dwellings were examined in Switzerland — refuse- 
heaps in Denmark — and thus a whole series of remains have been discovered 
carrying back the history of mankind from the earliest historic periods to a long 
distant past. The antiquity of the races thus discovered can only be generally 
determined by the successively earlier and earlier stages through which we can 
trace them. As we go back metals soon disappear, and we find only tools and 
weapons of stone and of bone. The stone weapons ^et ruder and ruder ; pottery, 
and then the hone implements, cease to occur ; and in the earliest stage we find 
only chipped flints of rude design, though still of unmistakably human workman- 
ship. In like manner domestic animals disappear as we go backward ; and though 
the dog seems to have been the earliest, it is doubtful whether the makers of tlio 
ruder flint implements of the gravels possessed even this. Still more important 
as a meavsure of time are the changes of the earth’s surface, of the distribution of 
animals, and of climate which have occurred during the human period. At a 
comparatively recent epoch in the record of prehistoric times we find that the 
Baltic was far salter than it is now and produced abundance of oysters, and that 
Denmark was covered with j)ine forests inhabited by Capercailzies, such as now 
only occur further north in Norway. A little earlier we find that reindeer were 
common even in the south of France ; and still earlier this animal was accom- 
panied bv the mammoth and woolly rhinoceros, by the arctic glutton, and by huge 
bears and lions of extinct species. The presence of such animals implies a change 
of climate ; and both in the caves and gravels we find proofs of a much colder 
climate than now prevails in Western Europe. Still more remarkable are the 
cli an ires of the earths surface which have been effected during mans occupation of 
it. Many extensive valleys in England and France are believed by the best ob- 
servers to have been deepened at least a hundred feet ; caverns now far out of 
tlio reach of any stream must for a long succession of years have had streams 
flowing through them, at least in times of floods; and this often implies that vast 
masses of solid rock have since been worn away. In Sardinia land has risen at 
least flOO feet since men lived there who made pottery and probably used fishing- 
nets f ; while in Kent’s Cavern remains of man are found buried beneath two 
separate beds of stalagmite, each having a distinct texture, and each covering a 
deposit of cave-earth having well-marked differential characters, while each con- 
tains a distinct assemblage of extinct animals. 

Such, briefly, are the results of the evidence that has been rapidly accumulating 
for about fifteen years as to the antiquity of man ; and it has been confirmed by so- 
many discoveries of a like nature in all parts of the globe, and especially by the 

* In 1854 (?) a communication from the Torquay Natural-History Society confirming 
previous accounts by Mr Godwin-Austen, Mr. Vivian, and the Rev. Mr. M‘Enery, that 
worked flints occurred in Kent’s ITole with remains of extinct species, was rejected as too 
improbable for publication. 

T Ly oil’s * Antiquity of Mm,' fourth edition, p. 115. 



112 


REPORT 1876 . 


comparison of the tools and weapons of prehistoric man with those of modern 
savages that the use of even the rudest flint-implements has become quite 
intelligible), that we can hardly wonder at the vast revolution effected in public 
opinion. Not only is the belief in man’s vast and still unknown antiquity uni- 
versal among men of science, but it is hardly disputed by any well-informed 
theologian ; and the present generation of science-students must, we should think, 
be somewhat puzzled to understand what there was in the earliest discoveries that 
should have aroused such general opposition and been met with such universal 
incredulity. 

But the question of the mere " Antiquity of Man” almost sank into insigni- 
ficance at a veiy early period of the inquiry, in comparison with the far more 
momentous and more exciting problem of the development of man from some 
lower animal form, which the theories of Mr. Darwin and of Mr. lleibert Spencer 
soon showed to be inseparably bound up with it. This lias been, and to some ex- 
tent still is, the subject of fierce conflict; but the controversy as to the fact of such 
development is now almost at on end, since one of the most talented representatives 
of Catholic theology, and an anatomist of high standing — Professor Mivart — fully 
adopts it as regards physical structure, reserving hi> opposition for those parts of 
the theory which would deduce man's whole intellectual and moral nature from 
the same .source and by a similar mode of development. 

Never, perhaps, in the whole history of science or philosophy has so great a 
revolution in thought and opinion been effected as in the twelve v ears from l8ol) 
to 1871, the respective dates of publication of Mr. Darwin’s ‘Origin of Species’ 
and ‘ Descent of Man.’ Up to the commencement of this period the belief in the 
independent creation or oiigin of the species of animals and plants, and the very 
recent appearance of man upon the earth, were, practically, universal. Long 
before the end of it these two beliefs had utteilv di.-appeaied, not only 
in the scientific world, but almost equally so among the liteiary and educated 
classes generally. The belief in the independent origin of man held its ground 
somewhat longer; but the publication of Mr. Darwin’s gi eat work gave even that 
its death-blow, for hardly any one caj able of judging of the evidence now doubts 
the derivative nature of man’s bulilv structure as a whole, although many believe 
that his mind, and even some of his phvsical characteristics, inav be due to the 
action of other forces than have acted in the case of the lower animals. 

We need haidly be surprised, under the.-e ciicunistances, if theie has been a 
tendency among men of science to j a-*! from one extreme to the other, from a pro- 
fession (so few vears ago) of total iirrioiance as to the mode of oiigin of all living 
things, to a claim to almost complete Knowledge of the win le progress of the 
universe, from the tir-t speck of living prutopl >sm up to the highest development 
of the human intellect. Yet this is reallv vvlmt we have seen in the last sixhen 
years. Formerly difficulties were exaggerated, and it was asserted that we had 
not sufficient knovvh dge to venture on any generalizations on the subject. Now 
difficulties nie set aside, and it is he’d that our theories are so well established and 
so far-reaching, that t hex explain and comprehend all nature. It is not long ago 
(os I have alre.olv reminded vou) sine efmts were contemptuously ignored, because 
they favoured our now popular view-, at the pre-ent dav it seems to me that facts 
which oppose them hardly receive due consideration. And as opposition is the 
best incentive to progress, arid it is not well even for the be-t theories to have it 
all their own wav, I propose to direct vonr attention to a few such facts, and to 
the conclusions that seem fairly deducible from them. 

It is a curious circumstance that notwithstanding the attention that has been 
directed to the subject in every part of world, and the numerous excavations con- 
nected with railways and mines which have offered such facilities for geological 
discovery, no advance whatever has been made fora considerable number of years 
in detecting the time or mode of mans origin. The Palaeolithic flint weapons 
first discovered in the North of Franco more than thirty years ago are still the 
oldest undisputed proofs of man’s existence ; and amid the countless relics of a 
foimer world that have been brought to light, no evidence of any one of the links 
that must have connected man with the lower animals has yet appeared. 

It is, indeed, well known that negative evidence in geology is of very slender 
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value ; and this is, no doubt, generally the case. The circumstances here are, 
however, peculiar, for many converging lines of evidence show that, on the theory 
of development by the same laws which have determined the development of the 
lower animals, man must be immensely older thau any traces of him yet dis- 
covered. As this is a point of great interest we must devote a few moments- to its 
consideration. 

1. The most important difference between man and such of the lower animals as 
most nearly approach him is undoubtedly in the bulk and development of his 
brain, as indicated by the form and capacity of the cranium. We should therefore 
anticipate that these earliest races, who were contemporary with the extinct ani- 
mals and used rude stone weapons, would show a marked deficiency in this 
respect. Yet the oldest known crania (those of the Engis and Cro-Magnon caves) 
show no marks of degradation. The former does not present so low a type as 
that of most existing savages, but is (to use the words of Prof. Huxley) ** a fair 
average human skull, which might have belonged to a philosopher, or might have 
contained the thoughtless brains of a savage.” The latter are still more remark- 
able, being unusually large and well formed. Dr. Primer- Bey states that they 
surpass the average of modern European skulls incapacity, while their sy m metrical 
form without any trace of prognathism, compares favourably not only with those 
of the foremost savage races, but with many civ ilized nations of modern times. 

One or two other crania of much lower type, but of less antiquity than this, have 
been discov ered ; but they in no way invalidate the conclusion which so highly 
dev eloped a form at so early a period implies, \iz. that we hate as yet made a 
hardly perceptible step towards the discovery ol* any earlier stage in the develop- 
ment of' man. 

2. This conclusion is supported and enforced by the nature of many of the works 
of art found even in the oldest cat e-dwellings. The Units are of the old chipped 
type, but they are formed into a large variety of tools and weapons — such as 
scrapers, atvls, hammers, saws, lances, &e., implying a variety ot purposes for 
which these were used, and a corresponding degree of mental activity and civilization. 
Numeious articles of bone have also been found, including well-formed needles, 
implying that skins were sewn together, and perhaps even textile materials woven 
into doth. Still more important are the numerous carvings aud drawings repre- 
senting a variety of nnimab, including horses, reindeer, and even a mammoth, 
executed with comideiable skill on bone, reindeer-horns, and mammoth-tusks. 
These, taken together, indicate a state of civilization much higher than that of the 
lowest of our modern savages, while it is quite compatible with a considerable de- 
gree of mental advancement, and lends us to believe that the crania of Engis and 
Cro-Magnon are not exceptional, but fairly represent the characteis of the lace. If 
we further remember that these people lived in Europe under the unfavourable 
conditions of a sub-Arctic climate, we shall be inclined to agree with Dr. Daniel 
Wilson, that it is fir easier to produce evidences of deterioration than of progiess 
in instituting a comparison between the contemporaries of the mammoth and later 
prehistoric races of Europe or savage nations of modern times*. 

8. Yet another important line of evidence as to the extreme antiquity of the 
human type has been brought prominently forward by Prof. Mivartt. lie shows, 
by a careful comparison of all p ivN of the structure of the body, that man is related 
not to any one, but almost equally to many of the existing apes — to the orang, the 
chimpanzee, the gorilla, and even to the gibbons — in a variety of ways; and these 
relations and differences are so numerous and so diverse that, on the theory of evo- 
lution, the ancestral form which ultimately developed into mail must have diverged 
from the common stock whence all these various forms and their extinct allies ori- 
ginated. But so far back as the Miocene deposits of Europe we iind the remains 
of apes allied to these various forms, and especially to the gibbons; so that in all 
probability the special line of variation which led up to man branched oil* at a still 
earlier period. And these early forms, being the initiation of afar higher type, 
and having to develop by natural selection into so specialized and altogether distinct 
a creature as man, must have risen at a very early period into the position of a 

* Prehistoric Man, 3rd ed. vol. i. p 117. t Man nnd Apes, pp. 171-193. 
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dominant race, and spread in dense waves of population over all suitable portions of 
the great continent — for this, on Mr. Darwin s hypothesis, is essential to rapid de- 
velopmental progress through the agency of natural selection. 

Under these circumstances we might certainly expect to find some relics of these 
earlier forms of man along with those of animals, which were presumably less 
abundant. Negative evidence of this kind is not very weighty, hut still it has 
some value. It has been suggested that as apes are mostly tropical, and anthropoid 
apes are now confined almost exclusively to the vicinity of the equator, we should 
expect the ancestral forms also to have inhabited these same localities — West Africa 
ana the Malay Islands. But this objection is hardly valid, because existing anthro- 
poid apes are wholly dependent on a perennial supply of easily accessible fruits, 
which is only found near the equator, while not only had the south of Europe au 
almost tropical climate in Miocene times, but we must suppose even the earliest 
ancestors of man to have been terrestrial and omnivorous, since it must have taken 
ages of slow modification to have produced the perfectly erect form, the short arms, 
and the wholly non -prehensile toot, which so strongly differentiate man from 
the arboreal apes. 

The conclusion which I think we must arrive at is, that if man has been deve- 
loped from a common ancestor, with all existing apes, and by no other agencies than 
such as have affected their development , then he must have existed, in something ap- 
proaching his present form, during the tertiary period — and not merely existed, 
but predominated in numbers, wherever suitable conditions prevailed. If, then, 
continued reseirches in all parts of Europe and Asia fail to bring to light any 
proofs of his presence, it will be at least a presumption that he came into existence 
at a much later date, and by a much more rapid process of development. In that 
case it will be a fair argument that, just as lie is in his mental and moral nature, 
his capacities and aspirations, so infinitely raised above the brutes, so bis origin 
is due, in part, to distinct and higher agencies than such as have affected their 
development. 

There is yet another line of inquiry bearing upon this subject to which I wish to 
call your attention. It is a somewhat curious fact that, while all modern writers 
admit the great antiquity of man, most of them maintain the \orv recent develop- 
ment of his intellect, and will hardlv contemplate the possibility of men equal m 
mental capacity to ourselves having existed in prehistoric times. This question is 
generally assumed to be settled by such relics as have been preserved of the manu- 
factures of the older races showing a lower and lower state of the arts, by tho 
successive disappearance in earlv times of iron, bronze, and pottery, and by the 
ruder forms of tne older flint implements. The weakness of this argument lias 
been well shown by Mr. Albert Mott in his \erv original but little-known pre- 
sidential address to the Literary and Philosophical Society of Liverpool in 1873. 
He maintains that “our most distant glimpses of the past are still of a world 
peopled as now with men both civilized and savage,’ and “that we have ofteu 
entirely misread the past by supposing that the outward signs of civilization must 
always be the same, and must be such as are found among ourselves.” In support 
of this view he adduces a variety of striking facts and ingenious arguments, a few 
of which I will briefly summarize. 

On one of the most remote islands of the Pacific — Easter Island — 2000 miles 
from South America, 2000 from the Marquesas, and more than 1000 from tho 
Gambler Islands, are found hundreds of gigantic stone images, now mostly in 
ruins, often thirty or forty feet high, while some seem to have been much larger, 
the crowns on tlieir heads cut out of a red stone being sometimes ten feet in dia- 
meter, while even the head and neck of one is said to have been twenty feet high *, 
These once stood erect on extensive stone platforms; yet the island has" only an area 
of about thirty square miles, or considerably less than Jersey. Now as one of the 
smallest images eight feet high weighs four tons, the largest must weigh over a 
hundred tons, if not much more ; and the existence of such vast works implies a 
large population^ abundance of food, and an established government. Yet how 
could these coexist in a mere speck of land wholly cut off from the rest of tho 


* Journ. of Roy. Cleog. Soc. 1870, pp. 177, 178. 
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world P . Mr. Mott maintains that this necessarily implies the power of regular 
communication with larger islands or a continent, the arts of navigation, and a 
civilization much higher than now exists in any part of the Pacific. Very similar 
remains in other islands scattered widely over the Pacific add weight to this argu- 
ment. 

The next example is that of the ancient mounds and earthworks of the North- 
American continent, the bearing of which is even more significant Over the 
greater part of the extensive Mississippi valley four well-marked classes of these 
earthworks occur. Some are camps, or works of defence, situated on bluffs, pro- 
montories, or isolated hills ; others are vast enclosures in the plains and lowlands, 
often of geometric forms, and having attached to them roadways or avenues often 
miles in length j a third are mounds corresponding to our tumuli, often seventy to 
ninety feet high, and some of them covering acres of ground ; while a fourth group 
consist of representations of various animals modelled in relief on a gigantic scale, 
and occurring chiefly in an area somewhat to the north-west of the other classes, in 
the plains of Wisconsin. 

The first class — the camps or fortified enclosures — resemble ‘ _■ ■ itures 

the ancient camps of our own islands, but far surpass them in ■ \ ■ ■ i ■ : Hill, 
in Ohio, is surrounded by a wall and ditch a mile and a half in length, part of the 
way cut through solid rock. Artificial reservoirs for water were made within it, 
while at one extremity, on a more elevated point, a keep is constructed with its 
separate defences and water-reservoirs. Another, called Clark’s Work, in the 
Scioto valley, which seems to have been a fortified town, encloses an area of 127 
acres, the embankments measuring three miles in length, and containing not less 
than three million cubic feet of earth. This area encloses numerous sacrificial 
mounds and symmetrical earthworks, in which many interesting relics and works 
of art have been found. 

The second class — the sacred enclosures — may be compared for extent and ar- 
rangement with Avebury or Carnak, but are in some respects even more remark- 
able. One of these at jSewark, Ohio, covers an area of several miles with its 
connected groups of circles, octagons, squares, ellipses, and avenues on a grand 
scale, and formed by embankments from twenty to thirty feet in height. Other 
similar works occur iu different parts of Ohio j and by accurate survey it is found 
not only that the circles ore true, though some of them are one third of a mile in 
diameter, but that other figures are truly square, each side being over 1000 feet 
long, and, what is still more important, the dimensions of some of these geometrical 
figures, in different parts of the country and seventy miles apart, are identical. 
Now this proves the use, by the builders of these works, of some standard mea- 
sures of length, while the accuracy of the squares, circles, and, in a less degree, of 
the octagonal figures shows a considerable knowledge of rudimentary geometry 
and some means of measuring angles. The difficulty of drawing such figures on a 
large scale is much greater than any one would imagine who has not tried it, and 
the accuracy of these is far beyond what is necessary to satisfy the e}e. We must 
therefore impute to these people the wish to make these figures as accurate as 
possible ; and this wish is a greater proof of habitual skill and-intellectual advance- 
ment than even the ability to draw such figures. If, then, we take into account 
this ability and this love of geometric truth, and further consider the dense popu- 
lation ana civil oigam/mion implied by the construction of such extensive syste- 
matic works, we must allow that these ancient people had reached the earlier stages 
of a civilization of which no traces existed among the savage tribes who alone 
occupied the country when first visited by Europeans. 

The animal mounds are of comparatively less importance for our present pur- 
pose, as they imply a somewhat lower grade of advancement ; but the sepulchral 
and sacrificial mounds exist in vast numbers, and their partial exploration has 
yielded a quantity of articles and works of art which throw some further light on 
the peculiarities of this mysterious people. Most of these mounds contain a large 
concave hearth or basin of burnt clay, of perfectly symmetrical form, on which are 
found deposited more or less abundant relics, all bearing traces of the action of 
fire. We are therefore only acquainted with such articles as are practically fire- 
proof, or have accidentally escaped combustion. These consist of bone and copper 
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implements and ornaments, disks, and tubes — pearl, shell, and silver beads, more 
or less injured by the fire — ornaments cut in mica, ornamental pottery, and numbers 
of elaborate carvings in stone, mostly forming pipes for smoking. The metallic 
articles are all formed by hammering, but the execution is very good; plates of 
mica are found cut into scrolls and circles ; the pottery, of which very few remains 
have been found, is far superior to that of any of the Indian tribes, since Dr. Wilson 
is of opinion that it must have been formed on a wheel, as it is often of uniform 
thickness throughout (sometimes not more than one sixth of an inch), polished, 
and ornamented with scrolls and figures of birds and flowers in delicate relief. 
But the most instructive objects are the sculptured stone pipes, representing not 
only various easily recognizable animals, but also human heads, so well executed 
that they appear to be portraits. Among the animals, not only are such native 
forms as the panther, bear, otter, wolf, beaver, raccoon, heron, crow, turtle, frog, 
rattlesnake, and many others well represented, but also the manatee, which perhaps 
then ascended the Mississippi as it now does the Amazon, and the toucan, which 
could hardly have been obtained nearer than Mexico. The sculptured heads 
are especially remavkable, because they present to us the features of an intellectual 
and civilized people. The nose in some is perfectly straight, and neither promi- 
nent nor dilated; the mouth is small, and the lips thin ; the chin and upper lip are 
short, contrasting with the ponderous jaw of the modem Indian, while the 
cheek-bones present no marked prominence. Other examples have the nose 
somewhat projecting at the apex in a manner quite unlike the features of any 
American indigenes ; and although there are some which show a much coaler 
face, it is very dillicult to see in any of them that close resemblance to the 
Indian type which these sculptures have been said to exhibit. The few authentic 
crania from the mounds present corresponding features, being far more symmetrical 
and better developed in the frontal region than those of any American tribes, 
although somewhat resembling them in the occipital outline* ; while one was 
described by its discoverer (Mr. W. Marshall Anderson) as a “beautiful skull 
worthy of a Urei'k.” 

The antiquity of this remarkable race may perhaps not be very great as com- 
pared with the prehistoric man of Europe, although the opinions of some writers 
on the subject seem affected by that “ parsimony of time ” on which the late Sir 
Charles Lvell .so often dilated. The mounds are all overgrown with dense forest, 
and one of the large trees was estimated to be eight hundred years old, while other 
observers consider the forest growth to indicate an age of at least 10J0 years. But 
it is well known that it requires seveial generations of trees to pass away before 
the growth on a deserted clearing comes to correspond with that of the surrounding 
virgin forest, while thi-* forest, once established, may go on growing for an unknown 
number of thousands of years. The 8'H) or 10'M) years estimate from the growth 
of existing vegetation is a minimum which has no bearing whatever on the actual 
age of these mounds; and we might almost as well attempt to determine the time 
of the glacial epoch from the age of the pines or oaks which now grow on the 
moraiues. 

The important thing for us, however, is that when North America was first 
settled by Europeans, the Indian tribes inhabiting it had no Know!* dge or tradition 
of any preceding race of higher civilization than themselves. \ et vve find that 
such a race existed ; that they must have been populous and have lived under some 
estiblished government; while there are signs that they practised agriculture 
largely, as, indeed, they must have done to have support* d a population capable of 
executing such gigantic works in such vast profusion; for it is stated that the 
mounds and earthworks of various kinds in the state of Ohio alone amount to 
between eleven and twelve thousand. In their habits, customs, religion, and arts 
they differed strikingly from all the Indian tribes; while their love of art and of 
geometric forms, and their capacity for executing the latter upon so gigantic a 
scale, render it probable that they were a really civilized people, although the 
form their civilization took may have been very different from that of later people 
subject to very different influences, and the inheritors of a longer series of ancestral 

# Wilson's ‘ Prehistoric Man, 3rd ed. vol. ii. pp 123-130. 
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civilizations. Wo have here, at all events, a striking example of the transition, 
over an extensive country, from comparative civilization to comparative barbarism, 
the former left to tradition and having hardly any trace of influence on the latter. 

As Mr. Mott well remarks Nothing can be more striking than the fact that 
Easter Island and North America both gave the same testimony as to the origin of 
the savage life found in them, although in all circumstances and ■*mr.,imdi i ;L'- the 
two cases are so different. If no stone monuments had been constructed in Easter 
Island, or mounds, containing a few relics saved from fire, in the United States, 
we might never have suspected the existence of these ancient peoples. lie argues, 
therefore, that it is very easy for the records of an ancient nation's life entirely to 
perish or to be hidden from observation. Even the arts of Nineveh and Babylon 
wero unknown only a generation ago, and we have only just discovered the facts 
about the mound-builders of North America. 

But other parts of the American continent exhibit parallel phenomena. Recent 
in\» show that in Mexico, Central America, and Peru the existing race 

of Indians has been preceded by a distinct and more civilized race. This is proved 
by the sculptures ot the ruined cities of Central America, by the more ancient 
terra-cottas and paintings of Mexico, and by the oldest portrait-pottery of Peru. 
All alike show markedly non-Indian features, while they often closely resemble 
modern European types. Ancient crania, too, have been found in all these countries, 
presenting ver\ different characters from those of any of the modern indigenous 
races of America *. 

There is one other striking example of a higher being succeeded by a lower 
degree of knowledge, which is in danger of being forgotten because it lias been 
made the foundation of theories which seem wild and fantastic, and are probably 
in great pait erroneous. I allude to the (treat Pyramid of Egvpt, whose form, 
dimensions, structure, and u«es lime recentlv been the subject of elaborate works 
by Prof Piazzi Simth. Now the admitted facts about this pyramid are >o inter- 
esting and so apposite to the subject we are considering-, that I beg to recall them 
to v our attention. Most of you are aware that this pyramid has been carefully 
explored and measured by successive Egyptologists, and that the dimensions have 
lately become capable of more accurate determination, owing to the discov ery of 
some of the original casing-stones and the clearing av\ ay of the earth from the 
corners of the foundation showing the sockets in -which the corner-stones fitted. 
Prof Smyth devoted many months of work with the best instruments in order to 
fix the dimensions and angles of nil accestdble parts of the stiu< ture ; and lie has 
carefully detei mined the.se by a comparison of his own and all previous measures, 
the best of which agree pretty closely with each other. The results arrived at 
are : — 

1. That the pyramid is truly square, the sides being equal and the angles right 

angles 

2. That the four sockets on which the four iirst > tones of the cornels rested are 
truly on tlu* same level. 

I]. That the direction of the sides are act ura tidy to the four cardinal points. 

4. That the vertical height of the pvramid bears the same proportion to its cii- 
eumfereneo at the base, as the radius of a circle does to its circumference. 

Now all these measures, angles, and levels are accurate, not as an ordinary sur- 
veyor or builder could make them, but to such a degree as requires the very best 
modern instruments and all the refinements of geodetieal science to discover any 
error at all. In addition to this we liav e the wonderful perfection of the workman- 
ship in the interior of the pyramid, the passages and chambers being lined with 
huge blocks of stones fitted with the utmost accuracy, while every part of the 
building exhibits the highest structural science. 

In all these respects this largest pyramid surpasses every other in Egypt. Yet 
it is universally admitted to be the oldest, and also the oldest historical building 
in the world. 

Now these admitted facts about the Great Pyramid are surely remarkable, and 
worthy of the deepest consideration. They are facts which, in the pregnant 
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words of the late Sir John Ilerschel, u according to received theories ought not to 
happen/’ and which, ho tells us, should therefore be kept ever present to our minds, 
since 4< they belong to tlio class of facts which serve as the clue to new discoveries.” 
According to modern theories, the higher civilization is ever a growth and an out- 
come from a preceding lower state ; and it is inferred that this progress is visible to us 
throughout all history and in all the material records of human intellect. But here 
we have a building which marks the verv dawn of history, which is the oldest 
authentic monument of man’s genius and skill, and which, instead of being far in- 
ferior, is very much superior to all which followed it. Great men are the products 
of their age and country, and the designer and constructors of this wonderful monu- 
ment could never have arisen among an umntelleotual and half-barbarous people. 
So perfect a work implies many precedingless perfect works which have disappeared. 
It marks the culminating point of an ancient civilization, of the early stages of 
which we have no record whatever. 

The three cases to which I have now adverted (and there are many others) seem 
to require for their satisfactory interpretation a somewhat different view of human 
progress from that which is now generally accepted. Taken in connexion with the 
great intellectual power of the ancient Greeks — which Mr. Galton believes to have 
been far above that of the average of any modern nation — and the delation, at 
once intellectual and moral, displayed in the writings of Confucius, Zoroaster, and 
in the Vedas, they point to the conclusion that, while in material progress there has 
been a tolerably steady advance, man’s intellectual and moial development reached 
almost its highest level in a very remote past. The lower, the more animal, but 
often the more energetic types have, however, always been far the more numerous ; 
hence such established societies as have here and there arisen under the guidance 
of higher minds have always been liable to be swept away by the incursions of 
barbarians. Thus in almost every part of the globe there may have been a long 
succession of partial civilizations, each m turn succeeded by a period of barbarism ; 
and this view >eems supported by the occurrence of dcgiaded types of skull along 
with such u as might have belonged to a philosopher/’ at a time when tin*, mam- 
moth and the reindeer inhabited southern France. 

Nor need we fear that there is not time enough for the rise and decay of so many 
successive civilizations as this view would imply ; for the opinion is now gaining 
ground among geologists that palaeolithic man was really preglacial, and that the 
great gap (marked alike bv a change of physical conditions and of animal life) 
which in Europe always separates him from liis neolithic successor, was caused by 
the coming on and passing away of the great ice age. 

If the v iews now adv anced are correct, many, perhaps most, of our existing sav ages 
are the successors of higher races; and their arts, often showing a wonderful 
similarity in distant continents, may have been derived from a common source 
among more civilized peoples. 

I must now conclude this very imperfect sketch of a few of the offshoots from 
the great tree of Biological study. It will, perhaps, be thought by some that my 
remarks have tended to the depreciation of our science, by hinting at imperfections 
in our knowledge and errors in our theories where more enthusiastic students see 
nothing but established truths. But 1 trust that I may have conveyed to many of 
my hearers a different impression, f have endeavoured to show that, even in what 
are usually considered the more triv ial and superficial characters presented by natural 
objects, a whole field of new inquiry is opened up to us by the study of distribution 
and local conditions. And as regards man, I hav e endeav oured to tix your attention 
on a class of facts which indicate that the course of his development has been far less 
direct and simple than has hitherto been supposed ; and that, instead of resembling 
a single tide with its advancing and receding ripples, it must rather be compared 
to the progress from neap to spring tides, both tlie rise and the depression ueiug 
comparatively greater as the waters of true civilization slowly advanco towards the 
highest level they can reach. 

And if we are thus led to believe that our present kiiouh dtn* of nature is some- 
what less complete than we have been accustomed to consider it, this is only what 
we might expect ; for however great may have been the intellectual triumphs of 
the nineteenth century, we can hardly think so highly of its achievements as to 



transactions op the sections. 


119 


imagine that, in somewhat less than twenty years, we have passed from complete 
ignorance to almost perfect knowledge on two such vast and complex subjects as 
the origin of species and the antiquity of man. 


Botany and Zoology. 

Address to the Department of Botany and Zoology . By Alfred Newton, 

M.A . , F.ll.ti., F.L.S . , V.P.Z.S., c^c., Professor of Zoology and, Comparative 

Anatomy in the University of Cambridge, Vice-President . 

Any one in the position of chairman of this Department must feel that liis diili- 
culty lies in choosing rather than in seeking a subject whereon to address an 
audience like that which is before me. This difficulty arises from the astounding 
abundance of interesting topics which are presented by the studies of Botany and 
Zoology — or of the hitter alone, I may say, since it would ill become me to attempt 
the treatment of any which belong to the sister science. But it is of course in- 
cumbent upon me to touch upon the chief events of the past year which affect 
this Department ; and it seems possible that in so doing we may find some con- 
siderations naturally proceeding from them to be worthy of jour notice during the 
short time that I shall presume to occupy jour attention, and also to present enough 
general interest to justify my enlarging upon the themes which they inspire. 

These chief events appeal to me to be two in number. It is my lirst and pleas- 
ing duty to congratulate the naturalists here assembled on the successful termina- 
tion of that expedition in which we have all taken so great an interest, as during 
its progress tidings of it have reached us from one distant land after another, and 
especially (as your mouth-piece) heartily to welcome home all now present who 
wero oil board the good ship i Challenger 7 in her circumnavigation of the globe. 
I would that your spokesman on this occasion had been one who was better able 
to appreciate their labours and enter into details as to tlie value of their discoveries 
and researches. Unfortunately I am under the great disadvantage of being so im- 
perfectly acquainted with the mysteries of the ocean, that it is only possible for me 
to speak in the most general terms of what has been done. I feel sure, however, 
that, so far as the great secrets of the sea can yet be interpreted and revealed by 
men, they will be bv those who ha\e happily returned to us, Sir Charles Wyvillo 
Thomson and his colleagues. There is one of their company we know they have 
not brought back; and it is * !■ " lower the tone of our exultation while 

wo remember the name of \ ■ W Sulim. With this single sad exception 

there is, Imeur, nothing, so far as 1 know, to occasion regret; and the various 
memoirs that have been already published by members of the Expedition give a 
foretaste of what we may expect when the whole of its results are made known. 
I am informed that the rich collections made during the voyage are at present 
lodged in tin* University of Edinburgh, and are in process of revision and rough 
arrangement under tin* superintendence of the Director of the Scienlilic Staff of 
the late Expedition. They include the products of dredging or trawling and sur- 
face-collecting at about 550 stations, and at- depths varying from 1U0 to 4500 
fathoms, and consist of a prodigious number of specimens belonging to most of the 
groups of marine Invert ehrat a , especially of Sponges and Echinoderms, which pre- 
ponderate at the greatest depths. Jt is, I believe, intended to obtain the assistance 
of special experts in working out the different groups ; and I am sure this meeting 
will hear with pleasure that the Hydrozoa are to he intrusted to Professor Allman, 
and the Polyzoa to Mr. Busk. It is understood that Her Majesty’s Treasury will 
charge itself with the cost of publishing the treatises of these and the other 
eminent, naturalists to be employed ; and thus it is hoped that a series of volumes 
will be produced worthy of the magnitude of the subject, and tit for the first rank 
among the works of zoologists in this or any other country. I need scarcely add 
that the wishes of all here will be for the due carrying-out of this grand scheme $ 

12 * 
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and, remembering how often similar ambitious undertakings by our scientific men 
in combination with our Government have been baulkea by untoward circum- 
stances, we cannot but express the sincere hope that former failures will serve as 
useful warnings to ensure future success. I regret extremely my inability to say 
more on this subject. 

I trust you will not think me to underrate the importance of the safe and 
prosperous return of the ‘ Challenger ’ from her voyage, when, though naming it 
first, I ascribe to it the second place in the events of the past year as regards the 
progress of zoological investigation. Other scientific expeditions have before now 
left these shores and the shores of other countries, and have more or less fully 
attained their purpose, while other expeditions will doubtless in due time be 
organized and carried out with, w r e trust, like happy results. The voyage of the 
■ C ” ’ hough a highly important and, in many respects, a novel one, is 

• i . only a unit in a long series which began a century ago, and has 

been continued at intervals to our own day ; nay, more, since the sailing of the 
i Challenger 7 we have witnessed tho departure of another and larger expedition 
for the accomplishment of a still more arduous undertaking. But what I have now 
to speak of is a matter that will, if I am not mistaken, in after ages characterize 
the present year as an epoch in tho history of our sciences inferior only in im- 
portance to that which marked some eighteen or nineteen years ago the promul- 
gation of a reasonable Theory of Evolution by Mr. Darwin and Mr. Wallace. And 
while it is to the latter of these two naturalists that we owe the boon that lias 
recently been conferred on us, it is unquestionably from the former labours of 
both — united yet distinct — that the boon acquires its greatest mine. Without 
those far higher, far wider views which the Theory of Evolution enables us to take, 
the serried array of facts that bristle throughout the two volumes of the ‘Geo- 
graphical Distribution of Animals '* which Mr. Wallace has just published would 
have been but a comparatively meaningless aggregation of statements— the evi- 
dence no doubt of labour almost unsurpassed, the accumulation of much that is 
curious and of much that is suggestive, but, taken all in all, as serving to an unin- 
telligible or insignificant end, if to any end whatever that was not inEh-ading. 

As the case P, the result is very different. But I would ndt you now, \\ ithout 
the aid afforded by the Doctrine of Descent, would it have been possible to draw, 
as Mr. Wallace lias so skilfully drawn, those legitimate conclusions from a con- 
sideration of the animal life of Java (vol. i. pp. .‘152, 555), or to arrive at those 
marvellous results with respect to the pa^t history of Borneo (vol.i. pp. 5o8, 551) ), 
or even to indulge in those (lanng speculations with regard to the origin of the 
Celebesian fauna (vol. i. pp. 150-458) Y 1 cite then* instance- because they are 
taken from that part of the woild on which the authoTs labours have before shed 
so much light, and with which his name is imperislmblv associated ; but there is 
hardly any ore of his summaries that does not place* before us material for reflection 
as astounding. 

While, however, assigning to the Theory of Evolution the chief glory in giving 
a real and lasting value to the interpretation of the facts of Animal Distribution, t 
must not omit a \.. »wl dji 'the share which Physical Geography has contributed 
to that end, especially by its marine surveys, which furnish the zoologist with 
data as to the depths of and oceans, and thereby enable him to judge as to 
the former extent of land. It is therefore to be expected that voyages like that of 
the ‘ Challenger,’ when their results have been fully worked out, will still further 
add to our knowledge in this respect. Again, too, Geology (but this follows 
almost as a matter of course) lias in its own line played an equal part. I would 
that Botany could be mentioned in this connexion; but hero it seems as if tho 
eldest of the biological sciences were not, as she usually is, in advance of the rest ; 
and Mr. Wallace’s suggestion (vol. ii. p. 152), that Zoology furnishes a lev where- 
with many ot the difficulties besetting the study of the Distribution of Plants may 
be unlocked, will doubtless meet with due attention from botanists. 

* The Geographical Distribution of Animals, with a study of (he relations of living and 
extinct Faunas as ■ ’ .« id u ' ■! e past changes of t ho Earths Surface. By Alfred Kassel 
Wallace, Author c I .■ 1 M.«. Archipelago,* See. 8vo, two volt*. London: 1875. 
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Of the care and labour which the author of this work has bestowed upon it, no 
one here, I venture to think, has a better right to speak than myself, because it is 
not very long ago that I attempted a dissertation on the Geographical Distribution 
of a single Class of animals*. Though it was the Class with which I am most 
familiar, and though in my attempt I had the invaluable assistance of Mr. 
Wallace’s manuscript at my side, which cleared my way through many obstacles, 
still I found the tasK one of enormous difficulty, and one which I at times almost 
repented that I had undertaken ; yet Mr. Wallace has treated not of Birds 
only, as I did, but of Mammals, Amphibians, Reptiles, and Freshwater Fishes — 
to say nothing of the most telling Families of two orders of Insects, with the 
Mollusks so far as they were available for his purpose. There is nothing that in 
turning over the pages of these v olunies so much strikes one as the energy they 
evince on the part of their author. Those who have been most accustomed to the 
literature of zoology must admit that there is scarcely any book with which ‘ The 
Geographical Distribution of Animals ’ may not, in respect of hard and honest 
work, be advantageously compared. It deserves to hear good fruit ; and I am 
greatly mistaken if it will not do so. From an educational point of view, it can 
hardly fail to he of the greatest service. Attractive as is the subject to those that 
know it and see its bearings, the learner lias hitherto been repelled from its con- 
sideration by the want of any work ol* general compas3 which would guide his 
studies, while even few of those treatises which have a particular scope were of 
much use to him. Mr. Wallace has now placed one in Ins hands ; and the result 
we need not try to anticipate. One thing, however, is clear — the Distribution of 
Animals can no longer be neglected as a secondary or unimportant part of Zoology. 
It only remains for me to add, while thus attemptingto set forth the general merits 
of this learned work, that I b\ no means pin my faith to all the author’s details, or 
to all his conclusions. Most of the latter may indeed be justified by the present 
imperfect state of our knowledge; but it does not follow that they will eventually 
meet with common acceptance. I must particularly call your attention to the 
admirably cautious words in which he lakes leave of his readers — words that 
prove him to be thoroughly imbued with the right spirit of a true worker in a 
progro^ive branch of study. Mr. Wallace says: — 

“ The pi cceding remarks are all I now \enture to offer, on the distinguishing 
features of the various groups of land-animals as regards their distribution and 
migrations. They are at best but indications of the various lines of research 
opened up to u> by the study of animals from the geographical point of view, and 
by looking upon their range in space and time as an important portion of the earth's 
history. . . . Till every well-marked district, — even archipelago, and every im- 
portant Bland, has all its known species of the moie important groups of animals 
catalogued on a uniform plan, and with a uniform nomenclature, a thoroughly 
sitisfaotorv account of the Geographical Distribution of Animals will not be 

povdble.” 

And then lie goes on to point out that move than this is wanted : — 

“ .Many of the most curious relations between animal forms and their habitats, 
are entirely unnoticed, owing to the productions of the same locality nrvir being 
associated in our museums and collections. A few such relations hav o been brought 
to light by modern scientific travellers : but many more remain to be discovered, 
and there is probibly no fresher and more productive field still unexplored in 
Natural 1 list on .” 

These coincident variation*, he concludes by saying, u have never been systema- 
tically investigated. They constitute an unworked mine of wealth for the enter- 
prising explorer; and they may not improbably lead to the discovery of some of 
the hidden laws (supplementary to Natural Selection), which seem to be required 
in order to account for many of the external characteristics of animals ” (vol. ii. 
pp. 552, 553). 

And now to follow out the idea with which I began. Having touched on the 

* “Geographical Distribution of Birds,” Encyclopedia Britannica, Ed. 0, vol. iii. 
pp. 735 754. 
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two chief zoological events of the year, let us see if they do not suggest something 
that will not be beneath your consideration for the remainder of this address. 1 
have spoken of the certainty of the expedition from which we now welcome our 
friends being succeeded by others of similar character. We shall hardly be in- 
dulging any vain imagination if we ask ourselves what we may look forward to 
as regards their reports ; and to one point we may perhaps usefully apply ourselves. 

What if a future 4 Challenger’ shall report of some island, now known to possess 
a rich and varied animal population, that its present fauna has disappeared ? that 
its only Mammals were feral Pigs, Goats, Pats, and Itabbits — witli an infusion of 
Ferrets, introduced by a zealous “ acclimatizer ” to check the superabundance of 
the rodents last named, but contenting themselves with the colonists’ chickens? 
that Sparrows and Starlings, brought from Europe, were its only Land-birds, that 
the former had propagated to such an extent that the cultivation of cereals had 
ceased to pay — the prohibition of bird-keeping boys by the local school-board con- 
tributing to the same effect— and that the latter (the Starlings) having put an end 
to the indigenous insectivorous birds bv consuming their food, had turned their 
attention to the settlers’ orchards, so that a crop of fruit was only to be looked for 
about once in live years — when the great periodical cyclones had reduced the 
number of the depredators ? that the Goats had destroyed one half of the original 
flora and the Haboits the rest? that the Pigs devastated the potatoe-gardens and 
yam-grounds? This is no fanciful picture. 1 pretend not to the gift of prophecy; 
that is a faculty alien to the scientitic mind ; but if we may reason from the 
known to the unknown, from what has been and from what is to wlmt will be, I 
cannot entertain a doubt that these things are coming to pass ; for I am sure there 
are places where what is very like them has already happened. 

Tou may ask why this is so? why do those lands so speedily succumb to the 
strangers from beyond sea? One part of the answer is loadv to hand with those 
who have learned one of the fir^t principles of biology which our great maHer, 
Mr. Darwin, has laid down for us. The weaker, the more generalized foims of 
life must always make way for the stronger and more specialized. The other part 
of the answer is supplied by Mr. Wallace ; for no one can have studied his volumes 
to much purpose without perceiving that the inhabitants of oceanic islands and of 
the southern hemisphere — the great Australian I legion especially, and South 
America not much lc«s, are the direct and comparatively speaking little-changed 
descendants of an older, a more generalized and a weaker fauna than are the 
present inhabitants of this quarter of t he globe, which have been, m> to speak, 
elaborated by Nature and turned out as the latest and liucd peifect samples nf her 
handiwork. 

Set face to face with unlooked-for invaders, and forced into a contest with them 
from which there is no retreat, it is not in the least surprising that the natives should 
succumb. They have hitherto only had to struggle for existence with creatures of 
a like organization ; and the issue of the conflict which 1ms hi eii going on for ages 
is that, adapted to the conditions under which thev find thenwdves, tliev maintain 
their footing on grounds of equality among one another, nnd so for centuries they 
may have kept the noiseless tenor of their wav.” Suddenly man interferes and 
lets loose upon them an entirely new race* of animals, which aet nnd leacl in a 
thousand different fashions on their circumstances. It is not necessary that the 
new comers should ho predacious; they nmv he so far void of offence as* to abstain 
from assaulting the aboriginal population; but they occupy tin* same haunts ami 
consume the same food. The fruits, the herbage, and other supplier that sufiiced 
to support the ancient fauna now have to furnish forage for the invadeis as well. 
Their effects on the flora there is no need for me to trace, jince Dr. Ilooker ex- 
pressly made them one of the themes of that discourse to which many of us listened 
with rapt attention a few years since at this Association. Hut the consequences of 
the invasion to the native fauna have never been so fully made known. The new 
comers are creatures whose organization has been prepared by and for combat 
throughout generations innumerable. Their ancestors have been elev nted in the 
scale of being by the discipline of strife. Their descendants inherit the developed 
qualities that enabled those ancestors to w i n a hard-fought existence when the 
animals around them were no higher in grade than those among which the de- 
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scendants are now thrown. Can we doubt that the victory inclines to the heirs of 
the ancient conquerors ? The struggle is like one between an army of veterans 
and a population unused to warfare. It is that of Spaniards with matchlocks and 
coats of mail against Aztecs with feather cloaks and bows and arrows. Mala 
mlus victis. A lew years, and the majority of native species are exterminated. But 
this is not the worst. The species which perish most quickly are just those that 
naturalists would most wish to preserve ; for they are those peculiar and endemic 
forms that in structure and constitution represent the ancient state of things upon 
the earth, and supply us with some of the most instructive evidence as to tho 
Order of Nature. 

With tho progress of civilization it is plain that there will soon be hardly a land 
but will bear the standard of a European nation or of a community of European 
descent, and, as things are going on, bo overrun by their imports. If this were 
inevitable it would bo useless to complain. But is ft inevitable v Is it not obvious 
that most of this extermination is being carried on unwittingly? and may not some 
of it be avoided by proper precautions? If so, should not men of science make a 
stand, and interest the ignorant or careless in the importance of the subject? I 
cannot divest myself of the belief that the course of the next century will see the 
extirpation, not only of most of the peculiar faunas I had in view a few minutes ago, 
hut of a gieat multitude of other species of animals throughout all parts of the 
world. The regret with which 1 regard such extirpation is not merely a matter of 
sentiment. Here sentiment and science are for once on the same side. A heavy 
blow will he inflicted on Zoology by the disappearance of some of these marvellous 
and peculiar forms. There is no one species of animal whose structure and habits 
have been so completely investigated that absence of the means of fuitlier exami- 
nation would not be a distinct depiivation to Science; and as what Science has 
done is only an earnest of vvliat she will do, we cannot say that the time shall ever 
come when tho want, of those moans will not be severely fell. It is then for 
scientific men, and for naturalists ('.specially, to consider whether they are not 
hmiml, in tho interest of their successors, to interpose moi*e than they have hitherto 
given any sign of doing. 

But outside this audience there are many who care little for consequences like 
these. Such persons may, however, be impressed by thinking that the indiscrimi- 
nate destruction of animals which, in one way or another, is now going on, must 
sooner or later lead to the extirpation of many of those which minister to our 
wants, whether of comfort or luxury. The fur-bearing creatures will speedily, if 
they do not already, require some protection to be generally accorded to them ; and 
that such protection can be effectually given is evident if we take the trouble of 
inquiring as to the steps taken by the Hussion local authorities in Alaska, and now, 
I believe, continued by those of the United States, for limiting the slaughter of the 
Sea-Otter and the Eur-Seals of tho adjacent islands to particular seasons. No one 
can suppose that, even with the assistance wo get from Siberia, our supply of ivory 
will continue vvlmt it now is when the interior of Africa i9 pacified and settled, 
as we can hardly doubt that it one day will be ; and, unless we can find some sub- 
stitute for that useful substance before that day comes, it would be only prudent 
to do .something to check the wasteful destruction of Elephants. Many people 
may think that the continent of Africa is too vast and its animal life too luxuriant 
for the efforts of man materially to affect it. If we inquire, however, we shall find 
that this is not the case, and that there is ati enormous tract of com.ii v. c\t« inline 
far beyond our colonies and the territories of the !s»*itrhl)« mrin*jr l»"piil>'n ", fr mi 
which most of the larger Mammals have already disappeared. There is good 
reason to believe that at least one species has become extinct within the last tive- 
a ml- twenty years or thereabouts ; and though I do not mean to say that this species, 
the true Zebra, had any economic value, yet its fate is an indication of what will 
befall its fellows ; while to the Zoologist its extirpation is a matter of moment, 
being probably the first case of the total extinction of a large terrestrial mammal 
since tlio remote days when the Megaeeras hibernicus disappeared. 

Time would fail me if I attempted to go iuto particulars with regard to the 
marine Mammalia. It is notorious that various membera of the Orders Sirenia, 
Cetacea, and Pinnipedia have recently dwindled in numbers or altogether vanished 
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from tlie earth. The Manatee and Dugong havo been recklessly killed off from 
hundreds of localities where but a century or so since they abounded ; and with 
them the stores of valuable oil that they furnished havo been lost. That very re- 
markable Sirenian the huge 1th if tin a gigas has become utterly extinct. The greed 
of whalers is believed to have had the same etfect on a Cetacean (the BaUma 
biacagetms) which was once the cause of a flourishing industry on the coasts of 
France and Spain. The same greed has almost exterminated the Right Whale of 
the northern seas, and is fast accomplishing the same end in the case of Seals all 
over the world. You are probably aware that an Act of Parliament, passed in the 
session of 1875, was intended to put some check upon tho*e bloody massacres that 
annually take place on the floating ice of the North Atlantic, to which these 
creatures resort at the time of bringing forth their young, when 

‘•Sires, mothers, children in one carnage lie.” 

But, whether through oftioial indifference, or what, I know not, the treaties with 
foreign nations authorized by that Act were not completed ; and last spring, at the 
solicitation of certain Aberdeen or Peterhead shipowners, the Board of Trade 
allowed “ one year more” of wholesale slaughter. Whatever other nations might 
like to do, our hands at least should havo been unstained ! Tt is admitted that in 
certain manufactures — that of jute, for instance — animal oil is absolutely necessary. 
It is ea*v to s *e that before long there will be \ ery little animal oil forthcoming. 

There is another Cl \ss of animals with whose well-being the interests of man 
are largely connected. It cannot be denied that our Fisheries are > ear by year 
subjected to an ever-increasing strain, through the rapidly increasing population of 
these islands, and are giving unmistakable signs of being unable to bear it. But 
it must be admitted that the consideration of their case is fraught with unusual 
difficulties. Commissions, either Royal or Parliamentary, have been appointed 
one after another to inquire into the facts and to seek a remedy, if one is to bn 
found, for the falling-off. It is with great diffidence that l venture to pas-, any 
criticism on the recommendations made by those Commissions, and especially on 
such as were contained in the Report of a Commission the constitution of which 
was such as to inspire the greatest respect, since men so eminent as Prof. Huxley 
and Mr. Iloldsworth were named in it. That Commission reported in e fleet that 
there was nothing to be done with our Sea-Fisheries but to leave things alone. I 
do not profess to quote the words of the Report (which, indeed, I have not seen 
for a long time): but in substance, I believe, it amounted to this:— That the 
natural enemies to which Fishes were exposed were so multitudinous, so crafty, 
and so rapacious, that their destruction by man was a ery slight in comparison, and 
that his interference might he safely neglected in con-idoi ing its consequence*. 
Now it has always seemed to me that the Commissioners on this occasion sullered 
themselves to be deceived. Well aware of how little is known as to the indirect 
effects of man’s acts in regard to the lower animals, and in their fe ir lo*t any un- 
forseen bad results should follow from measures intended to he lciuedial, thev re- 
commended none at all. But I fail to discern that land or soil makes any essential 
difference in the laws of life. The balance of Nature must be preserved as steadily 
in a dense as in a rare fluid — in water as in air — or all will not go well. What- 
ever be the weight in either scale, equipoise is as easily destroyed by an ounce as 
by a ton. The marine Fishes that are of such commercial importance (Pod, Her- 
ring*, and the like) have naturally, no doubt, enemies innumerable — Dogfish, Cor- 
morant*, Porpoises, and what not; but we know that, owing to their futility and 
habits, the Cod and Herrings have continued till lately to contend successfully 
with these drawbacks and to maintain their numbers. It matters not if only one 
egg of the 10,000, or whatever be the number in the roe of a Herring, produces a 
fish that arrives at maturity and escapes its natural enemies, so long as that one 
fish is sufficient to supply the place of its parent. Now this, according to the 
arrangement of Nature, has hitherto been the case. But if, instead of that tish 
living to propagate its kind, it is cut off before its time by an enemy against whom 
Nature has made no provision, her balance is at once destroyed ; and the oftenor 
the operation is repeated the sooner will the numbers of the species dwindlo; and 
the dwindling will go on in a rapidly accelerated ratio. Therefore it seems that, 
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a) far from leaving our Sea-Fisheries unrestricted, it is highly necessary to 
impose some limitation upon them ; and, so far from dreading interference, 
our interference is at present so fatal that further interference of another 
kind is required as a counterbalance; while that counterbalance Science onlv can 
apply. 

As much may be said for those other industries, in common speech also 
called “fisheries” — the taking of Oysters, Crabs, and Lobsters, all of which have 
lately been diminishing in a still more alarming degree. Here Parliament has 
wisely resolved to interpose, though whether the manner of interposition is wise 
seems to be a matter on which, as few naturalists have been consulted, we had 
better reserve our opinion. 

Thus, without troubling you with many technical details, I have striven to lay 
before you a sketch of man*s treatment of some of his fellow-creatures, and of the 
effects which have sprung, or certainly will spring, from it. There is probably 
hardly an island on which he has set foot, the fauna and flora of which has not 
been in some degree influenced by his even temporary presence ; there is assuredly 
not a continent, though a continent takes longer to subdue : and his control does 
not stop at the shore; for, if what I have been advancing is true, the inhabitants of 
the deep come also more or les3 under his dominion. I invite you to contemplate 
whether it is always, or even generally, that of a beneficent ruler. But it will 
doubtless be urged that this kind of thing has gone on for ages — ever since life 
first existed on the earth. I may be told, in the words of the great poet of the 
country in which we now find ourselves, — 

“ Look abroad through Nature’s range, 

Nature’s mighty law is change , 
#*##### 

Why then ask of silly man, 

To oppose great Nature’s plan ?” 

I would answer from the same source that 

“ man, to whom alone is gh’u 

A ray direct from pitying Heav’n,” 

should by means of that rav not oppose Nature, but rather second her preservath e 
measures. That ray is the ray of Science. We can only govern Nature by obeying 
her, only by obeying her can we assist her. To obey her laws we must know 
them ; what can we know of them but what Science teaches us Y 

It may be said that I havo taken too gloomy a view of this matter of the extirpa- 
tion of animals by man. I wish I could think so. But I believe that if w r e go to 
work in the right way there is yet time to save many an otherwise expiring species. 
In this country there is happily a strong disposition, which grows stronger day by 
day, to preserve our wild animals. It is very desirable that this feeling should 
not be limited to the British Islands. If it is, as I maintain, a right feeling — a 
feeling s mctioned alike by humanity, by .Science, and by our own material interests — 
it cannot be too widely disseminated. But its propagation must not bo left to 
humanitarians and sentimentalists, whose efforts are sure to he brought to nothing 
through ignorance and excess of zeal, nor to economists, whose endeavours would 
unquestionably fall short of what is required. The ofliciousness of the one class 
and the slackness of the other must equally be tempered by the naturalist. He 
can bo trusted not to interfere with the use, but witli the abuse, of the animal 
world. Only to do this ho must place himself in the forefront of the movement ; 
for he can submit to no other leader. Ho alone has, or should have, that know- 
ledge w'hicli give** the power of coping successfully with the difficult questions that 
will arise ; and the advantage it gives him he must not abstain from exercising. 
If, without offence, I might here paraphrase some venerable words, I would sav 
that, according to the greatness of this power, we must preserve tho«e that are 
otherwise appointed to die. 
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Anatomy akd Physiology. 

TIm Future of Physiological Research. — Address to the Department of Anatomy 

and Physiology . By John Obey M l K endrick, M.D., Fellow of the Royal 

College of Physicians , and of the Royal Society, of Edinburgh. 

Bearing in mind the fact that one of the objects of the .British Association is to 
interest the public in the advancement of scientific truth, it has been the practice 
of the Presidents of the various Sections to make some remarks of a general cha- 
racter, or to give a resume of the recent progress of science in their particular 
department. I shall follow so far the example of mv predecessors. I shall not 
attempt to enumerate, far less to describe, the contributions made to anatomical 
and physiological science during the past year, because that would entail a long 
and wearisome report regarding investigations with which most of us are already 
acquainted by the perusal of those excellent summaries that appear from time to 
time in our scientific and medical periodicals. With the view of limiting the 
scope of this address, I propose to ofibr a few observations bearing generally 
upon some of the scientific and social relations of anatomy and phy>iology, with 
the view of interesting the public in what we have been doing, and what we hope 
yet to do. 

These sciences present different views of the same great system of truth. Each 
can be conceived as existing independently, while at the same time the one science 
is the complement of the other. Anatomy is the acier.ro of organic form, while 
physiology is that of organic function. The anatomist investigates structure, its 
form, general arrangements, and laws, and he may include in his sur\ey the pur- 
poses or functions which the structure fulfils. Boren tly an opinion has been pre- 
valent, and has cropped up in various quarters, that anatomy is but a preparatory 
science for physiology. This opinion has probably arisen in consequence of the 
rapid growth of physiological science during the last twenty or thirty years. But 
there can be no doubt that anatomy has a role of her own by no means inferior to 
that of physiology. She has to educe formal laws which determine the structure 
of organized bodies and their parts and thus she establishes the baris for scientific 
classification and arrangement. Anatomy is the beginning, of course, of all medical 
education, and the groundwork on which the practical arts of medicine and sur- 
gery are reared ; but in a broader sense, the science has to do with the structure of 
every animal, from the simplest to the most complex ; and from the facts obtained 
in the investigation of the structure of any animal, we are able to recognize the 
relationships it has with other animals, or, in other words, its position in the Zoolo- 
gical scale. 


Methods of Anatomy. 

The methods of anatomical science are dissection, description, and comparison, 
These methods have been followed by anatomists from the birth of the science ; but 
in recent times they have been largely supplemented by the use of the microscope, 
and by the employment of various modes of preparing tissues for microscopical 
inquiry. Now-a-aays the anatomist not only describes naked-eye appearances dis- 
played by the art of dissection, but he scrutinizes every tissue and organ with the 
aid of tne microscope. Hence it is, the historian of the progress of anatomical 
knowledge in this century will have to relate, as one of its chief features, the deve- 
lopment of microscopical anatomy or histology. In no department of scientific 
work is greater activity manifested at present than in this. Scarcely a month 
passes without adding materially to our stores of knowledge, so as to make it 
almost impossible for a man to keep abreast of modern histology, and at the same 
time devote due attention to other departments of anatomy anu physiology. In 
Germany and France men devote their energies to histology as to the business of 
their lives, and occupy chairs in many unh ersities distinct from those of nuntomy 
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and physiology. In this country, from social and other considerations, such a divi- 
sion of labour is not generally made, but the time will assuredly come when it must 
be done. 


Histology. 

It niav be supposed from these remarks that I regard histology as lying entirely 
within the province of anatomy. By no means. Histology is neutral territory 
between both. It is that department of knowledge where the two sciences over- 
lap. The physiologist must investigate minute structure, in which the beginnings 
or physiological processes take place, because without knowledge of it all his ideas 
as to functions of organs or tissues would be superficial and unsatisfactory. When 
a physiologist examines a tissue, or a section of an organ, however, the morpholo- 
gical aspect is not what is prominently before his mind, but its mode of function. 
To him the form, size, position, and relations of the cell are not the special subjects 
of interest, but its probable mode of action in the economy, lie therefore wishes 
it could he seen working, or at all events in conditions as nearly normal as possible. 
This desire has already led to the invention of various new methods of research, 
such as those of the hot stage, or plans for the observations of changes in cells or 
fibres in parts accessible to the microscope, methods which have already been fruitful 
of good results. I have a firm belief that this line of work has by no means been 
followed to the end, and that along it the physiologist will still be conducted to 
lich harvests in the fields of histological research. 


Methods of Physiology, 

Tlio kindred science of physiology 1ms for its object the elucidation of unction, 
and it has, in addition to the methods of anatomy (namely, dissection, description, 
and comparison), those of pathological observation and experimentation. It is con- 
fessedly the science most difficult of all to prosecute. The subjects of investiga- 
tion are intricate in structure, and are formed of complex chemical materials, which 
are in constant interaction with the surrounding world. Each animal is a machine, 
the intricacies of which are infinitely more involved than tho.^e of any human 
manufacture. To stop this machine, in the attempt to discover the action of one 
of its parts, is a proceeding, in many instances, which interferes with the very pail: 
the action of which we wish to find out. As w T e descend in the scale of animal 
life, and the machine becomes less complex, this difficulty is not so obtrusive, inas- 
much as in many animals of simple organization there is not the same dependence 
of organ upon organ, and of tissue upon tissue, as we find in the more complex. 
But in most experimental researches in other sciences the conditions are also mani- 
fold, and the acumen of the philosopher in all is tested in distinguishing the essen- 
tial from the non-essential conditions. 

In the further prosecution of physiology as a physical science, which it really is, 
experimental inquiry, with the aid of precise instruments, and the facts derived 
from the observation of the course and effects of disease, seem to me to be the two 
lines of evidence which will in future weigh with us in coming to just conclusions. 
No doubt it is quite true that much of the minute nnatomv of the human bodv, 
and more so oi the minute anatomy of the bodies of the lower animals, is still 
unknown, and that there are probably many details, visible only to the microscope, 
not yet discovered, which may influence our opinions as to the exact functions of 
parts. This is especially true of the structure of the nerve-centres. AVe have at 
present only very general conceptions of the nrrniigcnn s.f - of the cells and fibres in 
these parts, and it is highly probable that future discoveries in this difficult field of 
investigation may change our news, not only of nervous action in general, but of 
the functions of paiticulnr centres. Accordingly there can be little doubt that as 
the naked-eye dissection has revealed structural arrangements which have hitherto 
guided the physiologist to correct notions of function, so in the future a similar 
service will Wdono to physiology by the histologist. Still physiology will have to 
depend less on aid of this" nature, and more on the facts obtained bv the methods 
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of pa: lift'. /.,\V observation and experiment. These methods are essentially of the 
same order. They vary the circumstances of the phenomenon we wish to investi- 
gate, and, by the application of well-known logical rules, we succeed in eliminating 
the cause of a phenomenon from its indifferent accompaniments. Diseased condi- 
tions, as has been well said, are experiments ready at hand, and every physician 
and surgeon of scientific spirit is from day to day engaged in investigating these 
conditions, not only with the view of curing his patient, but with the hope of 
throwing light on complex physiological processes. But direct experiment has the 
advantage over the observation of pathological effects, that it enables us to vary 
the conditions of the phenomenon as wo desire. Thus the functions of the nerves 
were ascertained by the experiment of dividing each in turn, and watching the 
effect. When a function is arrested immediately on the division of a nerve, it is 
held that that function requires the nerve in order to its performance. 


Tiif. Vivisection Question. 

I make these remarks regarding the value of the experimental method in phy- 
siology, because we cannot forget the attempt which has recently been made 
to restrict us in the use of this important aid in prosecuting our science. I shall 
not enter again upon the controversy which has raged in this country regard- 
ing experiments upon animals, because by the passing of the Bill a practical 
solution of the question has been arrived at in the mean time, and it now 
becomes us, as good citizens, to do all in our power to carry out the prov isions of 
the act, and to give ifc a fair trial. I may be permitted to say, however, that I 
always recognized the right of the public to agitate on this question if they consi- 
dered that cruelty was being perpetrated. I hope the day will never come when 
tales of suffering inflicted either on man or beast will be heard by us with calm 
indifference. The complaint I have against a section of the public is, that they 
believed apparently all they were told, and condemned us without waiting for 
explanation or defence. At the same time, it was not wise to meet this agitation 
with contempt and scorn for the ignorance of those who eairied it on ; and it seems 
to me that tlie appointment of a Koval Commission to investigate the facts of the 
case was the best thing that could have been done bv the Government. That 
Commission was composed of three eminent statesmen — Lord Cardwell, Lord 
Winmarleigb, and Mr. Forster; of a great law ver, shilled in the art of obtaining 
and weighing evidence, Sir John Karslake ; of one of the leading biologists in this 
country, Professor Huxley ; of a surgeon who knew the relation of physiology to 
the practical art of treating disease, Mr. Frichsen ; and of a leading journalist and 
most able thinker, Mr. Hutton, the editor of the * Spectator.’ Thus composed of 
men likely by character and previous training to ascertain the truth, and to suggest 
wise procedures, it held numerous meetings, examined witnesses partial and impar- 
tial, collected a body of ev idenco of a most interesting ancl diverse character, ami 
gave in a report which, while it recommended legislation, is generally in favour of 
physiologists. No one can read the evidence in the blue book, ami the report 
foinded thereon, without coming to the conclusion that the case of those who 
r.ised the outcry against phvHolngLts in this country completely broke down. On 
considering this report, the Government brought in a Bill, certain of the provisions 
of w hich seemed not onlv oppressive to physiologists, but were calculated, if carried 
into law, to impede the progress of science. The members of the medical profes- 
sion who knew the value of the experimental method in physiological research, 
and who w'ere painfully conscious of tne many imperfections of the art due to want 
of know ledge, were now aroused, and, by a use of the machinery of the 1 British 
Medical Association,’ timy aided the few’ physiologists of the country in making 
re ire, mentations to the Government, which were favourably received, and which 
lei to important modifications in the bill. That bill has now passed into law, and 
I appeal to our opponents to desist from further agitation. The case has been tried 
ana the verdict nas been given. For my own part I was all along opposed to 
legislation as being quite unnecessary in the circumstances; but I had, at tne same 
time, that confidence in the common-sense and good feeling of our legislators, as to 
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expect a bill favourable to physiologists when the facts were put before them. 
Some of our opponents, led away by their feelings, have putin print many erroneous 
statements. Hosts of pamphlets have been circulated, many of them well meant, 
but utterly wrong both in form and matter. Fora season these pamphlets pro- 
duced effects, and many people of good intentions were led astray. But a reaction 
began, and when the leading members of the medical profession came forward 
boldly and stated their opinions, it was soon completed. 

The only preventive for such casual excitements is the diffusion of knowledge. 
I have no belief whatever in the theory that most people are fools on questions of 
this kind. The great majority of our people of both sexes are perfectly capable of 
reasoning and of forming sound opinions. What they require is knowledge, evi- 
dence, and representations strong enough to overcome the bias of prejudice. I 
therefore warn our opponents that if the agitation be continued, we will appeal to 
the bar of public opinion. We will instruct the public through the press, on the 
platform, and by the pamphlet, and I have no fear of what the issue will be. The 
fact that the members of the medical profession who, by knowledge and habits of 
thought, are best competent to judge in this matter, acted as they did, indicates at 
once the result. 


Importance of teaching Biology. 

This leads me to say a word as to the diffusion of biological knowledge among 
t he people. I regard this as one of the healthiest signs of our day. A general 
knowledge of the structure and functions of the human body, of its necessities, of 
those agencies which act prejudicially upon it, and of those conditions which favour 
long life, the relief of pain, the prevention of sickness, and the transmission of 
healthy offspring, cannot fail in being of high practical importance. Furthermore, 
the acquisition of knowledge of the general laws of life as seen in the various living 
things about us, in addition to being an intellectual training of great value, will 
probably engender a feeling of kindness for every lining thing, and thus even 
animals will share in the benefit. At one time knowledge of this kind was almost 
wholly reserved for the medical profession ; but now it is taught in every village 
school. The instruction of ladies in a knowledge of the general structure and 
functions of the human b« dy has recently been successfully carried on in various 
parts of the country, more especially in Edinburgh and Cambridge ; and I can state, 
from my own experience of this matter, that there is no difficulty 'whatever in so 
treating the subject as to make it interesting and instructin' without giving it too 
much of a professional character. The e fleet of education of this hind will be that, 
within one or two generations, many social questions will be 'viewed more from tie 
physiological standpoint than at present ; doctors will bo able to give an intelligible 
explanation to their patients of their condition, when it is deemed judicious to do 
so — a feat not easy of performance at piesent ; the n.ai m< •,! of the sick will be 
better attended to on more rational principles ; quackery w ill waste away by de- 
grees, because it will have no ignorance and credulity on 'which to feed ; and legis- 
lation will be prompted in many instances nut by emotional agitations, but by 
enlightened views of the physical nature of men. 

I cannot help mentioning the name of Professor Huxley in connexion with the 
introduction of this great subject among our educational appliances, both as to 
what should be taught, and how to teach it: and it may not be considered pre- 
sumptuous in me to predict that this alone will entitle him to a place in the thoughts 
of posterity. 


Pit voiic \l Aspects of Anatomy and Physiology. 

There P an impression in the minds of many legarding our scientific work which 
l would like to renun e ; and here 1 direct mv remarks, not to purely scientific men, 
but to the public. Many still think that anatomy and physiology have no practical 
side, and consequently they do not take that interest in their prosecution which 
they otherwise would do, The results of the triumphs of physics, chemistry, and 
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engineering are so patent to all as to excite universal interest, so that you will 
often find a man of a\erage intelligence readily engrossed in any new discovery of 
physics or of chemistry, while he is indifferent to new facts in the domain of 
biological science. This state of mind, of course, is due to a want of appreciation 
of the practical aspect of our work ; and I hold that till the man be better informed, 
he is quite entitled to take this view of the matter. But I wish to point out that, 
although our sciences occupy their own place as abstract systems of truth, bearing 
no apparent relation to the wants either of humanity or of the lower animals, still 
they have also a practical aspect of the highest importance. My belief is that 
every advance in science, by adding to the sum of liuman knowledge, and thus 
enabling man to ha\e a correct idea of his true position in the universe, and of his 
relations to it, will ultimately promote both his own material well-being and that 
of the other lmng tilings about him. I do not see how it can be otherwise ; and 
the history of the past supports this view. Knowledge promotes virilization ; and 
the progress of civilization, on the whole, lessens suffering and increases the 
physical sources of happiness both to man and beast. The thought must therefore 
oe urged, that every research, however far removed it may appear to be at first 
from having any relation to the welfare of living things, occupies its place in lending 
to this grand consummation — life, libertv, and happiness to ail. From manv illus- 
trations which occur to the mind, I shall take only one. M. Pasteur proved that 
in the atmosphere there exist germs or particles of matter, call them what you 
will, which excited fermentation and putrefaction in certain fluids. Of this, 1 think 
there cannot be any reasonable doubt. Whether fermentation be always the result 
of the presence of germs is another question, upon which I shall not enter, nor shall 
I engage on a discussion of the question of so-called spontaneous generation, which, 
though highly probable, has never, in my opinion, been proved. These investiga- 
tions of Pasteur, relating to which a great controversy has taken place, referred to 
animal and vegetable organisms of the very humblest type, organisms so small that 
to prove their very existence in the air, indirect and complicated methods of 
procedure had to he adopted. But Mr. Lister, who once occupied the Chair of 
Surgery in this University, and who now adorns the Chair of Clinical Surgery in 
Kdinburgh, was attracted, whilst he was in Glasgow, by the doctrines of the 
eminent French chemist ; he repeated experiments to satisfy himself of their truth, 
and he came to the conclusion that these particles in the air are the sources of 
disturbance in wounds, leading to suppuration, putrefaction, and many grave 
constitutional symptoms. To remove the influence of these germs, he devised the 
antiseptic system of treating wounds, a system firvt put into operation in this city, 
and which is attended with great success in the hands of tliose who practice it 
carefully. Shnvlv but surely this system — the greatest advance in surgery since 
the days of John limiter — is winning its way in this country, on the continent, and 
in America. The surgical mind is eminently conservative and not easily convinced ; 
but it gives w ay after a struggle, and the benefit both of the preliminary caution 
and of the subsequent vigorous adoption is to humanity. Wlmt does the prac- 
tice of this system of treating wounds mean ? It means, speaking generally, 
the banishment of pvamiia and surgical fever from hospitals, the possibility of 
performing many serious operations with comparative safety to the patient, the 
relief of pain in the dressing of wounds, and the saving of human li\ c'». I need 
scarcely add that Professor Lister did much in his earlier years to give him a high 
place among British phy.-iologists, hut, in addition, he has showed the successful 
application of purely scientific knowledge to the advancement of the art of surgery; 
ana in suggesting a method by which life may bo saved and guilering mitigated, he 
has earned the gratitude of humanity. 


Importance of Investigations on the Physiological Action 
of Active Sun stances. 

There is another field of physiological research which promises to confer great 
practical benefit on the liuman race. I refer to the investigation of the physio- 
logical action of active substances, which may lead us not only to the discovery of 
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important therapeutic agents, but to a knowledge of the relation which exists 
between the chemical constitution of a substance and its physiological effects. 
Already a considerable amount of work of this kind has been accomplished. The 
physiological action of the various anaesthetics (such as chloroform, chloral, alcohol, 
&c.), of narcotics (such as morphia, narceine, narcotine, codeine, and many others), 
and of alkaloids (such as strychnine, brucine, nicotine, atropine, liyoscyamine, physo- 
stigmine, muscarine, voratrine, aconitine, cligitaline, santomne, ergotine, and quinine) 
has been carefully studied. The celebrated research of Professor Crum Brown 
and Dr. Thomas It. Fraser, upon the ph\ -i- d- .‘iciimi of the methyl-, amyl-, and 
ethyl-substitution compounds of certain alkaloids, in which they showed that a 
change in chemical composition was attended by a change in p\\ i 1 *..1 action, 

opened up a new field of discov ery . The investigations of Dr. it. VV . .Richardson 
on the action of homologous senes of alcohols and ethers, and the observations 
made by Professor Dewar and myself on the action of the chinoline and pyridine 
series of bases, and their substitution compounds, all tended to illustrate the same 
general truth. Nor must I forget to mention an interest ing series of investigations 
made by Professor Gamgee, of Manchester, and his pupils, communicated to our 
Section and at the present meeting, on the action of various compounds of the 
rare metal vanadium, on the action of chromium salts, and on the differences 
between the physiological actions of ortho-, meta-, and pvro-phosphoric acids. 
Here, again, we had a further illustration of the important tacts that the physio- 
logical action of any active substance is affected (1) by the number of atoms in the 
molecule and its complexity of structure, and (2) by the degree of stability of the 
molecule. That is to say, the more complex the molecule, the more intense and 
prolonged will its action probably be ; and, on the other hand, if the molecule of a 
substance tend readily to break down or split up while circulating in the blood, it 
will act more intensely than if it held firmly together for a considerable time. 
Those generalizations are merely tentative. \\ e have not yet sufficient data to 
entitle, us to term them general laws. 

Now no one can glance over any work on organic chemistry without seeing on 
every page the nanie> of substances regarding the physiological action of which we 
know nothing. I would not have these investigated in a promiscuous manner, 
with the vague hope of coming upon something new. Here, as elsewhere hi 
science, we must be guided so far by the light cast upon the unknown by former 
discoveries, and by those general laws which have been formulated by previous 
investigators. Nor is the mere discovoiy of new poisons anything but a u sorry 
task,” unless the research lead us to an agent likely to be of therapeutic value, or 
to the enunciation of an important general principle. But former experience 
warrant* us in hoping, nay in expecting, that new useful agents will yet be disco- 
vered. 1 need not lefer to the practical applications of chloroform and ether, as 
these are too well known to need any eulogy from me ; but I may be allowed to 
direct attention to chloral, first discovered hy Liebig in 183:?, and known for many 
years merely as the ultimate product of chlorine upon alcohol. It was only a few 
years ago that Liebreich, of Berlin, pointed out its important physiological action, 
and it is now recognized as a therapeutic agent of the highest value. Its use, no 
doubt, has often been sadly abused, and people have often trilled with a powerful 
physiological agent even to the loss of their lives ; but when we think of the horns 
of pnin which many a weaiy sufferer has escaped by its use, we cannot but regard 
it as a boon to humanity. 

Here the physiologist must go hand in hand with the chemist, llio chemist in 
his laboratory prepares the substances, and builds up new compounds by those 
wonderful synthetic processes which are now the glory of his science ; it is then 
the duty of the physiologist to investigate the actions of these. By united work, 
who cau foie tell vvliat may bo accomplished ? For example, may we not hope to 
see the day when such a substance as quinine, or a substanco having similar 
therapeutic properties, may bo produced artificially ; or, may we not obtain an 
amesthetic as potent and even less dangerous than those at present employed r* 

Nor have we yet investigated the physiological action of the active principles of 
thousands of plants, many of which may prove to be of great value. Let us 
remember the well-known words of Shakespeare, as Romeo — the love-stricken 
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Romeo — repairs to Friar Ijavvrence’s cell, “when grey-ey’d morn anile* on the 
frowning night.” The old friar thus soliloquizes : — 

tl I must up-fill this osier cage of ours 
With baleful weeds and precious-juiced flowers. 

# # # * # 

Many for many virtues excellent, 

None but for some, and vet all different. 

O, mickle is the powerful grace that lies 
In herbs, plants, stones, and their true qualities: 

* # • # * 

Within the infant rind of this weak flower 
Poison hath residence, and medicine power; 

For this, being smelt, with that part cheers each part ; 
being tasted, slays all senses with the heart.” 

liomeo and Juliet , Act IT. Scene 3. 

I cannot help noticing here, in passing, that Shakespeare appears to ha 1 ! e con- 
cert ed the notion of the physiological antagonisms of drugs, which is generally 
regarded as quite modern, although the practice of using antidotes has been 
followed from the earliest times. Thus in the interview between the Queen and 
Cornelius, the physician, in Cvmbeline, she says : — 

“ Having thus far proceeded, 

(Unless thou think at me devilish) is’t not meet 
That I did amplify my judgment in 
Other conclusions? I will try the forces 
Of these thy compounds on such creatures as 
We count not worth the hanging (but none human), 

To try the vigour of them, and apply 

Allayments to their act, and by tnem gather 

Their several virtues, and efFecte.” — Cymbehne % Act I. Scene 0. 

Relation of Physiology to Medicine. 

I may now be permitted to -ay a few words regarding tins present position or 
attitude of physiological science. I am in the habit of thinking of phy.-iologv, not 
only a* a physical science in it '•elf, but as having a direct relation to two other 
sciences — medicine and psychology. Carrying out this idea, were a sculptor to 
form a group, he might le present physiology, on tho one hand, dispensing gifts and 
affording assistance to medicine, and, on the other, pointing upwards to psychology ns 
the greater sister of the three. Abandoning metaphor, there can be no doubt physio- 
logy is most intimately connected with these sciences. First of all, with regard to 
medicine (and by this term of course I mean the whole art of detecting and curing 
di-ease), there arem any problems which physiology alone can solve. The origin of 
disease, the steps of the cnanges by which organs and tissues become so altered as 
to produce what is called a diseased state, the effects of one diseased organ upon 
others which are healthy, the actions of remedial substances, both in the healthy 
and in the diseased condition, are all physiological process, many of which cannot, 
in the present condition of society, be thoroughly investigated by a practitioner, 
who is often too busy a man to engage in this kind of work. Such labour must be 
handed over, to a large extent, to a special class of men. They must investigate, 
experiment, and work up the subject in the laboratory— either the physiological 
laboratory of the university or school of medicine, or of the hospital or infirmary — 
as the business of their lives, and from time to time announce the results. The 4 o 
results mint be checked by past experience, or by a knowledge of cases apposite to 
the point, by the men who come into daily contact with patients, and their verdict, 
«o far as any practical benefit is concerned, must usually oe regarded as final. 

Importance of Systematic Inv estigation of Diseases. 

In the present state of science, we have not reached that subdivision of labour, 
nor need it be ever absolutely complete. Many of the best contributions to physio- 
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logical and j r.'n'. u'ir.il science, duiing the past twenty years, lime been from 
men busy in practice. Such busy men will, no doubt, always be found in the 
ranks of the medical profession, and they will contribute so far to the ad\ ancemerit 
i f medicine ; but in the future, much scientific work, as a basis of the practical 
treatment of disease, must be done by men specially de\oted to the laboratory, the 
pathological theatre, and the clinical ward. The origin and progiess of these 
diseased processes which cause cancer, tubercle, rheumatism, and gout, with all 
their attendant mils, the disco’s ery of the poisons which produce fever in its mani- 
fold forms, the modes of counteracting these poisons so as to ariest the progress of 
lev er at an early stage, and the investigation of those diseases which destroy 
thousands of our domestic animals, are all subjects which must be investigated 
more systematically and on a larger scale than has yet been done. Such stupendous 
work can scarcely be left to individual effort. To carry it on requires men, time, 
and money; and these can only be supplied bv r the aid of governments, or munici- 
palities, or by pm ate munificence. Already excellent work has been d< lie by 
Professor Burdon Sanderson and his coadjutors, by Dr. Klein, and by Dr. Thudi- 
eum, for the Medical Ollicer of the Privy Council, and by Professor Kutherfoid, 
Dr. Braidwood, and others, at the instance of the British Medical Association ; 
but still the amount of aid gi\en is small alongside of what is lavished, for 
example, in warlike experiments. Compared with what is needed for the manu- 
facture, testing, and equipment of an 80-ton gun, designed to destroy human life 
and property (no doubt on the theory that it is for the ultimate welfare of the 
State to do so), a small sum would be necessary ; but authorities do not yet see the 
vast importance of inquiiies of this kind, and consequently consider two or three 
thousand pounds per annum sufiicient. We accept gratefully what help K given ; 
hut we look for moie. I hope to see the day when Government v\ ill equip and 
thoroughly furnish a body of men for the investigation on a large scale of the 
genesis of such diseases as tubeicle or of typhus fe\er, both of which kill in Cleat 
Britain alone thousands of people annually, just as they have sent out a ‘Chal- 
lenger 1 expedition to explore the depths of the sea, or have at piesent a number of 
brave men engaged in the attempt to discover the North Pole. To stiike at the 
rent of one of tlnv-e great maladies that nillict the human race, such as cancer, 
tubercle, or fever, would confer an inestimable blessing on humanity, and honour on 
the Government that proposed and carried out the undertaking. 

Pi ELATION OF PHYSIOLOGY K) PSYCHOLOGY. 

As I have said, physiology is intimately connected with psychology, or of the 
science of tin* mind ; and as this department of physiological work lias lately been 
mv chief study, I mav be allowed to lefer to it a little more in detail. 

Psychology maybe divided into two parts: — liist, all those phenomena which we 
may include under the term mind properly so called, such as feeling, volition, and 
intellectual prt ce»ses; and second, the phenomena which aie a^si dated with, and 
which indicate the alliance between, mind and matter. Eveiy mental act may be 
regarded in the present state of knowledge as having a double aspect — on the one 
side it is known to our consciousness and on the other side it is the lesiilt of a 
r umber of physical preen* os < aiming in the brain. 


The Methods of Psychology. 

In the investigation of mental phenomena, two modes of inquiry havebeen 
bit heilo followed, Kind, that of introspection and inflect ion, in which the inves- 
tigator looks within himself for the facts of his expeiience ; and focond, that of the 
examination of physiological processes which coincide with sensoiial or mental 
changes. It is evident that the Hist of these methods, usually called the subjective, 
is open to the objection that by it a mind attempts to observe its own operations, 
and that the proceeding is somewhat analogous to asking a machine to investigate 
its own mechanism. This objection, urged in other words by Comte, Maudsley, 
and others, may be answered by replying that the subjective method does not 
attempt to explain the physiological phenomena concomitant with mental states, 
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but the laws which regulate these mental states themselves, Suppose a compli- 
cated machine possessed consciousness, I can readily understand that by the 
exercise of this consciousness it might be unable to discover the relation and 
mechanism of its own parts, because in attempting to do so the machinary would 
be so interfered with as to prevent normal action ; but it might still be able to 
study the products of its operations. I do not, therefore, decry this old method of 
psychological research, as it is so much the fashion to do in these days. Apart 
altogether from the philosophical speculations and systems of philosophy founded 
upon them, I think many data accumulated by such men as Locke, Berkeley, 
David Hume, Thomas fieid, Dugald Stewart, Thomas Brown, Sir William 
Hamilton, and James Mill have as good a right to he considered correct as some 
of the quasi-motaphy&ical conceptions of modern physical science. Subjective 
inquiry carried on bv such men cannot be gi\on up as a mode of psychological 
research. It may not carry us much fuitherthan it has done, but it has rendered 
good son ice already, and may possibly do more. 

But, on the other hand, the (Ihjective method appears to me to be the one which, 
in future, will be principally cultivated ; and it is for this reason that, as a physiolo- 
gist, I wish especially to refer to it. 

It is the business of physiology to supply psychology with information regarding 
physical processes occurring in the nervous system; and it is one of the special 
features of the physiology of the present day to direct attention to the physical 
side of mental phenomena. No doubt Aristotle, Hobbes, and Hartley incorporated 
into their psychological theories much that w r as purely physiological ; but m their 
days the physiology of the nervous system was in a crude state, and, consequently, 
did not lead to great results. In comparatively recent times, a new inductive and 
experimental department of science has arisen, the nature of wdiich is indicated 
by the term physiological psychology, and which is being diligently cultivated by 
numerous workers, botli at home and abroad. In our own country the writings 
and researches of Herbert Spencer, Alexander Bain, Dr Lay cock, George Henry 
Lewes, Dr. Maudslev, Dr. Carpenter, Alfred Barratt, and James Sully, and on the 
continent those of tVehner, Helmholtz, Wundt, Hermann Lotze, Taine, Bonders, 
Plateau, and Dalboef, have excited much interest, and have led to the formation of 
a new school of thought. 

I think it right to mention here specially the name of Professor Layeock, who 
has done more, in my opinion, in this field of inquiry than any other member of the 
medical profession of this couutry in our time. His teaching has largely contri- 
buted to our present humane methods of treating the insane; he has attracted year 
by year some of the best students of the University of Edinburgh to this important 
department of medical practice; and his earlier writings incontestibly show that 
many years ago, and prior to most of the writings of those great men whoso 
names I have just enumerated, he not only recognized the value of physiological 
research w'ith regard to mental phenomena, but made important contributions 
himself. 

Physiology has thus encroached on psychology, and is attempting to supply from 
the objective side an explanation of at least the simpler mental phenomena. As a 
proof of awakened interest in this department, one of the features of the post year 
has been the appearance of ‘ Mind,’ a quarterly journal of psychology, edited by 
ray able friend Professor (’room Robertson of University College. Til the pro- 
spectus of this journal it is stated that “psychology, while di awing its fundamental 
data from subjective consciousness, will be understood in the widest sense, as 
covering all related lines of objective inquiry. Due prominence will be given to the 
physiological investigation of nerve- structure.” This quotation indicates the view 
xvliich the editor takes of the relation of the two sciences, and already valuable 
papers have appealed on subjects connected with physiological psychology, from 
the pons of Sully, Lewes, Wundt, and others. 

Now' a certain class of thinkers are alarmed by work of this kind. They aro 
afraid of the tendency “ to represent the mental fact as a physical fact,” and they 
are inclined to shut their eyes to the physical facts connected, undoubtedly, with 
psychological processes, and to be. contented with the study of subjective pheno- 
mena. But as most admit that .there are two aspects in which mental phenomena 



TRANSACTIONS OP THE SECTIONS. 


135 


may be viewed, why should not both be looked at carefully? If it be also 
admitted that it is impossible to connect any physical process (supposing we knew 
it) occurring in brain-cells with an act of consciousness, what is tne use of taking 
a one-sided view of the phenomena in question ? Why not study both sides of the 
problem, and give up the attempt at reconciliation, which is entirely beyond the 
pale of our faculties r This mystery of mind and matter has puzzled thoughtful 
men from the earliest times. Some have attempted a reconciliation. They have 
leasoned in a circle, so that most people, after perusing their works, are no nearer 
an ultimate solution than they were at the beginning. We always come back to 
this view of the case, namely, that every fact of mind has two aspects, a physio- 
logical and a psychological. That is one way of looking at the problem, and it is 
the one which, in the present state of knowledge, personally I prefer. But there 
is another. Thus, as has been well argued by Mr. George Henry Lewes in his 
recent work, ‘ Problems of Life and Mind,’ two very different descriptions may be 
given of one and the same mental activity. The one may be expressed in the 
language of psychology, which is the language we commonly use to describo our 
feelings ; the other may be stated in the language of physiology, a language intel- 
ligible only to those acquainted with the present state of physiological research, 
lie says, “ All that we have to guard again&t is the tendency to mistake difference 
of aspect for difference of process, and to suppose that changes in feeling can exist 
independently of changes m the organism, or that any change in the organism can 
bo effected otherwise than by some previous change.” This way of stating the 
question may be more satisfactory to some minds. At all events it is a fair attempt 
to solve the puzzle of our present state of existence, in which we are constantly 
brought face to face with the antithesis of object and subject. 

Abandoning these speculations, which are fruitless in practical effects, let me now 
endeavour very briefly to indicate the lines of inquiry in the domain of physiology 
along which progress has been and may be made in the attempt to soho psycho- 
logical phenomena ; and I wish it to be understood that I do not take these in any 
logical order, but merely adduce them by way of illustration. It will also bo my 
aim not so much to describe what has been done in the past, as to indicate what 
remains to be done in the future. 


Rkskarcti in Physiological Psychology. 

First of all, then, it is quite e\ident that all researches on the general physiology 
of the great ner\ e-centres are of paramount importance. Such researches as those 
of Ilitzig, Fritseh, and Fenier on the excitability of the cerebral hemispheres, 
supplying new ideas regarding the mechanism of the brain as a compound organ ; 
of Wundt on central innenation and consciousness, in which he discusses in a 
manner never before attempted, the phenomena of reflex excitation ; of William 
Stirling on the summation of excitations in reflex mechanisms ; of various French 
physiologists on the mode of action of ganglia in Insect a ; and of many others, are 
all recent important contributions to this department of science. Here, however, 
we have to confess that we ha\e little accurate information regarding the minute 
structure of the parts invoked, and consequently no anatomical basis on which to 
found our views. We have a general idea of strands of nerve-flbres and groups of 
nerve-cells of various forms, but we have no precise knowledge of the relative 
quantity of these, or of the relation of one group of nerve-cells to another group. 
We are unacquainted with any peeuliaiity in structure, for example, by which even 
an accomplished histologist could identify three microscopical sections as respec- 
tively portions of the brain of a man, of a monkey, and oi a sheep. All this has 
still to be work out. Every little area of brain-matter has to bo sun eyed and 
carefully described. Supposing this were done in the case of the human brain, and 
of the brains of the higher animals, the same must bo attempted with the brains 
of animals lower in the scale. I can then conceive a grand collection of facts 
which may throw light on the intricate working of different kinds of brains, and, 
perhaps, afford a rational explanation of certain simple psychological characters. 
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Suggested Invkstiga nux. 

Wlmt I mean may perhaps be better understood by a lesearch which I would 
M>ggett by way of experiment. No one who lias kept an aviary of small birds — 
fuv a collection of our native and foreign finches — can nave failed to observe marked 
diili? unices of character and habits among different members of the same genus, aud 
even among different members of the same species. One manifests cunning, another 
combative ness, a third kindness to smaller brethren, a fourth bullies all about him, 
a filth may usually be quiet and peaceable, but occasionally gives way to uncon- 
trollable rage, and so on. The question arises, then, Have those p^vchologic. 1 
peculiarities any organic basis, any explanation in the structure of the brain ? or, 
Aie we to rest satisfied by asserting that these peculiarities are due to the action 
of some kind of psychical principle regarding which we know nothing? I have 
little doubt most will agree that these psychical characteristics of birds depend on 
peculiarities of brain-structure the residt of hereditary transmission through many 
generations. If so, here we have an opportunity of examining the microscopical 
structure of small brains, relatively simple, and easy of manipulation, with the view 
of ascertaining whether or not there are any structural differences which may ac- 
count for these differences in psychical character. This is a line of inquiry likely, 
in my opinion, to establish an organic basis for a comparative psychology. 


Recent Researches ox the Chemistry op the Be vix, 

But in studying the physiology of the brain as an organ of mind (and the same 
holds good with regard to the other great non e-centres) we must not forget that, 
in addition to mere structure, two other factors have to be taken into notice. The*e 
are, first, the chemical constitution of the brain itself ; and, second, the amount of 
chemical interchange that goes on between it and the blood. There are so many 
exceptions to the general rule, that size of brain and number of comolutions are 
proportional to the degree of mental power, as to render it highly probable that to 
Account for these exceptions we must assume differences of minute structure, 
differences of chemical constitution, and differences of chemical interchange bef ween 
blood and brain. That is to sav, we mav lm\ e two brains equal in size and in number 
of convolutions belonging to two individuals very unequal in mental capacity. This 
may be accounted for either by supposing that the minute structure of a convolu- 
tion of the one may be more intricate than that of the other, or the one brain may 
be richer in certain complicated chemical compounds the splitting up of which inte 
simpler bodies is necessary in processes of thought ; or, finally, the activity of che- 
mical interchanges between the blood and the brain nmv be much more rapid in 
the one than in the other. All this, however, linet remain a matter of conjecture 
until we know more of the chemistry of the brain than we at piesent do. I have 
therefore hailed with satisfaction the appearance of an elaborate paper by Dr 
Thudicum, entitled, ** Researches on the Chemical Constitution of the Brain,*’ in 
a recent volume of ‘ Reports of the Medical Officer of the Rnvj Council and Bocal 
Government Board.’ It is impossible to give here a detailed account of this labo- 
rious inquiry, in which Dr. Thudicum and his assistant, Mr. C. T. Kingzett, havi 
analyzed the binins of oxen, requiring no fewer than a thousand of these in tin 
undertaking. The result, generally speaking, has been the discovert of seventeen 
compounds, for the first time detectea as ingredients in brain-matter; and in m 
appendix, Dr. Thudicum gives a lht of no fewer than eighty-two substances vvhicl 
have been detected, bv himself and other chemists, in tin* brain. Kven admitting, 
what is highly probable, that main of these are products of the decomposition of v 
few more complex substances, still we obtain from a mere inspection of this li.si 
some idea of tne intricate chemical nature of this part of our bodies. 

Various striking thoughts are put forth by Dr. Thudicum at the end of his paper 
a few of which I may be allowed to refer to with the view of showing how chenncn 
considerations may assist us in our conceptions of the working of the nervous sys- 
tem. He savs, “During these proceedings the first striking fact which meets th< 
inquirer is, that nerve-matter contains abundance of water. This, in con junetioi 
with the peculiar manner in which the water is contained, engenders a nwVlity oi 
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ultimate particles within certain limits of movement. It also gives penetrability 
by liquid diffusion, while excluding porosity and its capillary effects, by which 
means a ready nutrition by diffusion in one direction, and ready cleansing from the 
effete crystallizable products of life in another are assured. Consequently the brain 
as a whole is essentially made up of colloid matter, and may be compared to a 
colloid septum, on the one side of which is arterial bood and cerebro-spinal fluid of 
the ventricles ; on the other side, however, is cerebro-spinal fluid of the arachnoideal 
space and venous blood. It follows from this that the large amount of water pre- 
sent in the brain is not there, so to say, mechanically only, like water in a sponge, 
and capable of being pressed out mechanically, but is chemically combined as colloid 
hydration water, or, better, water of colloidation.” 

Dr. Thudicum divides a large amount of the matter occurring in the brain into 
three groups, viz. phosphorized bodies, consisting of carbon, oxygen, hydrogen, 
nitrogen, and rich in phosphorus ; nitrogenized bodies, containing only carbon, 
oxygen, hydrogen, nitrogen, and no phosphorus ; and, third, oxygenized bodies, 
formed of carbon, hydrogen, and oxygen alone. The phosphorized bodies he 
divides into three subgroups, termed kephalines, myelines, and lecithines. Each 
of these has certain definite chemical characteristics, which he summarizes as 
follows : — “ The kephalines possess the tendency to be oxydized, oxydizability ; the 
myelines are not easily changed by any agent or influence, and possess therefore 
stability ; the lecithines easily fall to pieces, they are afflicted with lability.” 

lie then points out the remarkable tendency of the phosphorized bodies to com- 
bine with other substances, showing a diversity of affinities “ not possessed by any 
other class of chemical compounds in nature at present known.” lie shows that 
these affinities are influenced by the amount of water present, and by the mass of 
the substance or reagent presented to the brain-matter, so that the interchange u of 
affinities may produce a perfectly incalculable number of states of the phosphorized, 
and consequently of brain-matter. This power of answering to any qualitative and 
quantitative chemical influence by reciprocal quality or quantity we may term the 
state of labile equihb) ium ; it foreshadows on the chemical outside the remarkable 
properties which nerve-matter exhibits in regard of its vital functions.” 

All of these remarks by I)r. Thudicum point to a field of research which will not 
he explored for many a year to come. But theie can be little doubt that when the 
chemical statics of the brain have been accurately ascertained, we as ill be in a 
position to study the chemical interchanges between the blood and the nervous 
tissue. Should the skill of our physiological chemists succeed in unravelling these, 
then we will be in a position to understand at lea<d two different sets of phenomena. 
These are--(l) the chemical changes which undoubtedly take place during the 
occurrence of mental phenomena ; and (2) the exact nature of the action of such 
substances as alcohol, narcotics, and the a nrious alkaloids which are knoAvn to act 
on the nervous system. I need scarcely add that accurate knowledge regarding 
the physiological action of these substances would probably be of great service in 
the treatment of disease. 


Dkseaiu iiks on Sensory Impressions. 

In the second place, researches into the physiology of the senses afford another 
series of data for the physiologist. These researches may be said to bo of three 
kinds — (1) inquiries into the anatomical and physiological mechanism of the sense- 
organ itself, such as, in the case of vision, the general structure of the eye 
as an optical instrument, and its movements bv the action of muscles, so 
as to secure the conditions of monocular or binocular vision ; (2) inquiries 
into the nature of tho specific action of the external stimulus upon the 
terminal organ of sense, and the transmission of the effect to the brain — as, for 
example, the action of light on the retina, and transmission along the optic 
nerve; and (fl) experiments in which various stimuli are permitted to act under 
certain conditions on the terminal apparatus, and the result is obsened and recorded 
by tho consciousness of the experimentalist himself, as in researches on colour, 
duration of impressions on the retina, positive and negative, after images, &c. By 
these three modes of inquiry a large number of facts relating chiefly to the senses 
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of hearing and vision have been collected ; and most of these facts, inasmuch as 
they assist him in understanding the conditions of sensory impressiona and sensa- 
tional effects, are of importance to the psychologist. 

Measurement of Time in Sensory Impressions. 

The next step of importance made by physiology into the domains of psychology 
is the measurement of time or duration in sensational effects 4 . This has been 
carefully measured by objective methods. Speaking generally, the time occupied 
from tlie commencement of the action of the stimulus to the termination of a 
sensation may be divided into four portions, each of which has a certain psycholo- 
gical interest : — First, an interval of time is occupied by the primary physical change 

J >roduced by the stimulus. During this interval, called the period of latent stimu- 
ation, no effect is observed. Thus, when a motor nerve distributed to a muscle is 
stimulated by a short electrical shock, about 1-G0th of a second passes before the 
muscle contracts. Second, when the change in the nerve or terminal organ has 
begun, a second interval of time is occupied in the transmission of the impression 
to the nerve-centre, which is succeeded oy a third interval, during which changes 
occur in the nerve-centre, and the result of which is a sensation. The time occu- 
pied in transmission, or the rate of conductivity in nerve, is tolerably well known, 
t>eing at the rate of about 200 feet per second in the nerves of men ; but the time 
occupied in the production of the sensation in the centre has not yet been clearly 
ascertained, owing to the difficulty of supposing such a sensory nerve-centre to be, 
previous to the stimulus, in a state of absolute inaction. Lastly, it has been found 
that when a nervous action of any kind has been initiated by a stimulus, it goes on 
for some time after the stimulus has ceased to act. This prolongation of the sen- 
sation may be well studied in the case of impressions on the eye, where tho time of 
the duration of the impression lias been measured by Helmholtz, Plateau, and 
others. These distinguished observers also found that the length of time occupied 
by the after-effect varied according to the intensity of the light. Thus after a 
weak light, the unchanged impression lasts longer than with a strong light. A 
strong illumination is followed by an after impression fading sooner than with a 
feeble stimulus — the result being that, so far as the retina is concerned, it comes to 
the same thing whether an intense light acts for a brief time, or a faint light for a 
longer time. 

Exhaustion Nerve on Sensory Organ. 

This line of research has also made it possible to measure the time required for 
exhausting a nerve or sensory organ. When, for instance, a limited area of the 
retina has been stimulated for a certain time, and the stimulus has been removed, 
the after positive effect, duo to increased excitation of the parts, disappears, and is 
followed by a negative effect, due to temporary diminution of the sensibility of the 
parts, in the form of what is called the negative after-image. Suppose, fur ex- 
ample, an area of the retina be acted upon for a period of from five to ten seconds, 
and the stimulus be then removed, tne so-called positive after-image vanishes 
quickly, and the negative after-image, frequently of a complementary colour to 
tnat of the exciting cause, appears, and lasts for a slioit time, gradually fading 
away as the nervous parts recover from the effects of the stimulus. Similar pheno- 
mena may be observed in studying the durations of sensations of tone, which I 
have frequently perceived in experiments made by myself; but it is more difficult 
to identify, bv description and designation, the after-effects in the case of audition 
than in the case of vision. Probably it may be found still more difficult to notice 
these after sensations in the other senses, although in all there is often the experi- 
ence of a lingering feeling after the cause has been removed, which no doubt has 
its place in those transient sensations which assist in filling up the spaces, as it 
were, in our conscious life. 

In experiments upon a sensory organ, such ns. the retina, ft little consideration 

* In the following observations I nm much indebted to the essays of Mr. James Sully, 
contained in his volume, ‘ Sensation and Intuition * (London, 1874). 
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will show that it is almost impossible to ascertain the effect of a stimulus upon a 
retina which has never before been affected. This difficulty has been felt by all 
experimenters. Molecular action in such a structure has been in operation from 
the very beginning, and such action, if of sufficient intensity, must produce a cer- 
tain effect on the conducting-tract and on the recipient centre. This effect, although 
of too weak intensity to produce those changes which result in consciousness, must 
be taken into account in the measurement of the intensity and duration of sensory 
impressions. Thus the eye lias a light of its own due to changes in the retina, 
although this may never be conscious to us as a luminous impression. This con 
ception of the state of matters in a terminal organ such as the retina, when applied 
to actions going on in the brain, at once indicates that similar actions, or rather 
that similar states of unrest, of change, variation, and modification, are going on in 
tliese deeper parts which may never result in consciousness, jwr sc, but which alto- 
gether may have an influence on our mental existence comparable to that of the 
feeble impressions constantly transmitted to the cerebrum from the viscera, some- 
times termed the internal senses. 

Relation between Strength of Sensation and Magnitude of 
Stimulus. 

Having shown that sensory impressions are distinctly related to time, the next 
advance made by physiologists was to prove that there was a relation between the 
strength of the sensation and the magnitude of the stimulus. Here there are 
difficulties in explaining what is meant, because language fails. We have no words 
to discriminate ideas which hitherto have related to two distinct fields of know- 
ledge — the objective and the subjective. To speak of the strength or magnitude 
of a sensation seems to bo using terms applicable only in another region, and quite 
inapplicable to psychological phenomena, although no one has any doubt in distin- 
guishing the intensity or magnitude of one pain from that of another. There is no 
difficulty in understanding the phrase-magnitude of the stimulus. A weight of ten 
pounds is greater than that of one pound, light from ten candles of equal size is more 
than that given out by one, and the tones of a violin of equal pitch and quality 
may vary in intensity according to the pressure of the bow on the string. It is 
difficult, however, to obtain an absolute measurement of variations in sensation, 
which is, of course, a subjects e phenomenon. This can only he done by varying 
the objective cause, by observ ing a large number of instances, and by expressing 
variations in the subjective phenomenon in terms applied to variations in the ob- 
jective cause. Tf the average result obtained from a large number of instances 
indicates any ratio between tno magnitude of the stimulus and the subjective phe- 
nomenon, then wo may conclude that there is a relation between the two. 

This mode of inquiry, first originated by Professor E. II. Weber, in bis cele- 
brated experiments on tactile impressions (and which were first introduced to 
notice in this country by Professor Allen Thomson), was afterwards carried out by 
his colleague Professor Fechner, and has been subsequently elaborated by Professor 
Wundt. It lias led to various remarkable results, the chief of which are (1) 
that in the case of each sense there is an upper and a lower limit, beyond which 
the amount of stimulus produces no appreciable difference of effect ; and (2) that 
within this range there is a definite ratio between the stimulus and the amount of 
the sensation. The upper limit beyond which an increase of external stimulation 
is not followed by any observable increase in sensational effect was first observed 
by Professor Wundt. The lower limit lias been noted by many observers, and it is 
indicated in almost every physiological text-book. Now it does not matter much 
to us, in taking a general view of things, what the limits are, provided w*e are sure 
that such limits exist, inasmuch as it indicates another element of proof that psycho- 
logical phenomena, so far as sensation is concerned, cccur within certain physical 
limits. 

Fkciixku s Investigations. 

The next step naturally tvns to establish the ratio between the magnitude of the 
stimulus and the magnitude of the sensation. To do this directly is impossible, as 
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any estimation of tlie amount of sensational effect folio wing a given stimulus would 
probably be erroneous, because our perceptions are usually qualitative and only 
rarely, and never absolutely, quantitative. Fechner recognized this fact, and lie 
employed for the solution of the problem various methods by which he measured 
not sensations themselves, but the amount of discriminative sensibility between two 
sensations produced by stimuli of unequal magnitudes, and he studied the ratio 
between tho difference of weight and the absolute quantity of the stimulation. By 
varying the amount of the stimulus in every possible way, he eliminates the chances 
of error, and arrived at definite results. These results he formulate 1 i* 11 a vn-rd 
“psychophysical law,” which may be expressed in various ways. M.r!.- :n ■. : !:y 
it maybe put, that “sensation increases in proportion to tne logarithm of the 
stimulus.” Now “logarithms increase in equal degrees when the numbers so in- 
crease that the increment lias always the same ratio to the magnitude of the num- 
ber.” It may be put in another way by saying that “ the more intense a sensation 
the greater must be the added or diminished force of stimulation in order that this 
sensation undergo an appreciable change of intensity.” The mode of arriving at 
some of Fechner’s results may be better understood by an experiment which any 
one can repeat. In the case of muscular sensation, suppose two weights, A and B : 
we wish to ascertain the least difference between these perceptible by the muscular 
sense, say when we lift them in tho hand. Let it he so arranged that both weights 
are composed of different pieces, so that the one may be made less or more than 
the other at pleasure. If A and B be nearly equal in absolute weight, the person 
on whom the experiment is made will judge them to be of equal weight. Let 
weights be now added to B until the difference between A and B becomes percep- 
tible, and as a te^t, let the weights be again removed from B until, in sensational 
effect, A becomes again equal to B. Let the same experiment be repeated with 
weights of different absolute amount, and it will be found that there is a distinct 
ratio between the abs >lute weight and the weight that had to be added to it or 
taken from it to produce tho lov»t perceptible difference of impression, whatever 
these weights may be, up to the limits, of course, which I have already noticed. If 
will always be found that the additional or subtracted weight is one third that of 
the absolute weight, — a fraction which indicates the «1 ■ ■ ■ f i .tensity of the 

stimulus required t > produce the least perceptible feeling .■ -!.:!■ :■■■ . of sensation, 
and which may be termed the “ constant proportional" of that kind of sensation. 
This fraction, in the ca^e of sensibility to temperature, Fechner found to be one 
third; lie ntz, Wolf, and Volkmann arrived at the same fraction with regard to 
auditory impressions ; and various observers have found that in visual impressions 
it is one hundredth. 

Now the intensity of sensation depends on two conditions : — (L) the intensity of 
the excitation ; and (2) the degree of excitability of the sensory organ at the mo- 
ment of excitation. But suppose the excitability of the organ equal on two occa- 
sions, the intensity of the sensation does not increase proportionately to the increase 
of the excitation. That is to say, suppose we bring into a dark chamber a lumi- 
nous body such as a candle — it produces a certain luminous sensation ; then intro- 
duce a second, third, and fourth — the excitation is double, triple, or quadruple; but 
experiment shows that the increase in the amount of tho sensation is much less ; 
in others words, let the stimulus increase from 10 to 100 times, and from 100 to 
1000 times, the sensation will he only one, two, and three times stronger. The 
importance of the discovery of this remarkable law is, that it shows a distinct 
mithematical relationship between stimulation and sensation. Possibly it may he 
found to have applications to other psychological phenomena. May it" not vary in 
different animals, and even in diiferent individuals-' 

Criticism of Feciinku's Method. 

It is quit** noticeable, however, that, in the case of each sense, the law did not 
hold good thr uighout the wh >Ie range of variations in intensity of stimulus ; and 
it i* not surprising, when we c insider the complexity of the c mditions, that such 
should be the ca*e. All of these experiments were made in the case of visual im- 
pressions, for example, on the living eye, connected by the optic nerve with the 
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brain ; and it is manifestly impossible, as has been remarked by Hermann, u to 
localize this relationship between sensational effect and variation in amount of 
stimulus, which has been called the psycho-physical law of Fechner/’ Between 
the sensational effect and the first contact of the stimulus there are a series of 
complicated processes occurring in retina, nerve, and brain, processes undergoing 
incessant modification by the interchanges between these tissues and the warm 
circulating blood. In which of these does this relation between stimulus and con- 
scious state occur — in retina, in optic nerve, or in brain P The only method of an- 
swering tliis question, so far as I know, is to examine the effects of stimulation 
upon these parts separately. It is manifestly next to impossible to do this in the 
case of the optic nerve and the brain ; but by the method pursued by Holmgren in 
Sweden, and by Professor Dewar and myself in this country, it can be done, so far 
as the retina is concerned. In carrying out this method, Professor Dewar and I 
found that light produced a change in the electrical condition of the retina in an 
eye removed from the head or kept in normal conditions, and we ascertained that 
the general phenomena of this change corresponded with our sensational experi- 
ences of luminous impressions. We were therefore entitled to assume that the 
change in the electrical conditions of the retina, produced by the action of light, 
might be regarded as a phenomenon intimately related to those changes in the 
brain which result in consciousness of a luminous impression. Consequently we 
had an opportunity of ascertaining whether or not Feckner’s law agreed with the 
effects of a stimulus of li^ht in altering the electrical condition of the retina, and we 
found that it did so. The inference, therefore, is that the relation between degree 
or variation in stimulus and the e .nv-ji «Ii ■ : sensation of a luminous impression 
is a function of the sense-organ or ! \ iimi 


Mode of investigating the Sensory Organ itself. 

I may here remark that this mode of inquiring into sensory impressions lias by 
no means been exhausted. The subjective method of observing sensational effect 
under the stimulus of light from revolving disks, by the e ■:.K« i ii.jr of colours, by 
comparison of auditory sensations produced by tones of different intensity, pitch, 
and quality, is always open to the charge that the results may not be due to specific 
histological structure of the sense-organ, as is almost invariably assumed, but to the 
structure of the recipient of impressions from the sense-organ, namely the brain. The 
only way of pro\ mg that the effects are due to structural peculiarities of the sense-organ 
is to examine the effects of stimuli applied to the sense-organ separated from the brain 
by some method the same as or analogous to ours. If in these circumstances the 
sense-organ gives results similar to those obsen ed in the phenomena of conscious- 
ness, then we may assume that these results are due to specific peculiarities of the 
sense-organ, and not to the brain. If, on tlie other hand, the results do not agree, 
then we must look in the brain for the mechanism by which these different re- 
sults are produced. Thus I have always held that, as there is little or no histolo- 
gical o'* idence of complexity of structure in the retina capable of accounting for the 
theory of Thomas Young regarding the perception of colours, or of the facts of 
colour-blindness, or of the sensibility of different zones of tlie retina to lights of 
different colours, we may have to look to the complex structure of the corpora 
quadrigemina, cerebellum, or some portion of the cerebral hemispheres for an ex- 
planation of these facts. It may be objected that such scepticism simply removes 
the difficulty a little further back ; but I think it better to search for facts than to 
be content with an hypothesis. - 


Conclusion. 

Time will not permit me to discuss other researches in this field of inquiry, nor 
the interesting speculations which ha\e sprung from them, but 1 think I have said 
enough to show the line of ad\ ance in this direction. 

True it is that apparently the physiological carnation of many mental phenomena 
may be, in its precise nature, inaccessible to direct proof ; but it is our duty as 
physiologists to push legitimate research as far as it will go, I would remark also 

1870. 14 
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that such researches are not incompatible with those spiritual ideas, matters of 
faith and not of science, which are the basis of our most cherished hopes. They 
demand, however, caution in the scrutiny of facts, and judgment in drawing con- 
clusions from tiiem. More than in any other kind of rvioniilie labour, perhaps, it 
is of the utmost importance here to keep the mind unbiassed — a task by no means 
easy. To maintain a calm unprejudiced attitude to inquiries which seem to demand 
a change of opinion regarding what was supposed to be final, requires an effort 
which varies m different persons. Some find it comparatively easy to do so, while 
others succeed only after a severe struggle. Still it is the state of mind which a 
man true to science ought to aspire to, so that while he will not be blown about 
by every wind of doctrine, he may be ready to accept what is apparently true when 
ho has had it clearly put before him. 

In conclusion, let me observe that it would save not a little heart-burning, and 
might possibly remove acrimony from various scientific and social controversies, 
could we only remember that it is not v ery probable that we, in this nineteenth 
century, have arrived at the final solution of many problems which have puzzled 
wise men from the earliest times. Probably we have got nearer the truth ; but it 
is presumptuous to suppose that we have reached the ultimate truth. Many hypo- 
theses much in favour at present may turn out to be inadequate. Still if they 
serve as stepping-stones to something better, and to more rational conceptions of 
the mysterious phenomena about us, they will have done good sen ice. In the 
mean time it is our duty vigorously to prosecute research in all departments, push- 
ing ahead fearlessly and with that enthusiasm which is the prime mover m all 
great deeds, so that we may be able to transmit our department of knowledge to 
posterity not only less burdened with error, but with many additions of truth. 


Botany and Zoology. 

[For Professor Newton’s Address, see page 119.] 

Notes on the Fund anew of the Mascarene and Seychelles Islands. 

By I. Biylet Balfour, ScJ). 

The genus Pandams (screw-pine) was shown to have a general distribution 
throughout the tropics of the Old World, and to reach its western limit on the east 
coast of Africa. It is very abundantly represented in the islands of the Indian 
Ocean, and more especially in the Mascarene and Seychelles Islands. 

Altogether 19 species are definitely known from these islands j and it is possible 
that more may exist. Of these species Mauritius includes 11, which are all 
endemic ; Reunion has 3 peculiar species, and perhaps a fourth one may be recog- 
nized ; in Rodriguez only two species, both endemic, are found j whilst the Sey- 
chelles group possesses three sucli species. In addition to those which are endemic, 
a Madagascar species, P. utilU, is generally cultivated for the sake of its leaves, and 
P. odoratmimus , of Eastern origin, is also found. 

The difficulties in the way of the diagnosis of species were pointed out from the 
scantiness and imperfection of the material as yet sent to this country. The leaves 
afford very little character, and it is from the fruit that specific distinctions are 
mainly obtained. Hitherto the stigmas have afforded the chief characters ; but the 
author showed that many important diagnostic marks might be obtained from the 
endocarp and its relations to the mosocarp. 


On the Evolution of Sex in the Vegetable Kingdom . By G. 8. Boui.ger. 

This paper was an attempt to illustrate Mr. Herbert Spencer’s law of increasing 
heterogeneity by the various sexual processes in the vegetable kingdom. Mentiou 
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Laving been made of the probably asexual Protophyta, Tli waites’ identification of 
conjugation with reproduction proper, made in 1848, was mentioned, and a sum- 
mary given of the sexual classification of the Thallopliytes proposed by Sachs 
(Lehrbuch. 4th edition) and adopted by Professor Dyer (Quart. Journ. Micr. Sci.), 
in which tliey are grouped as Protophyta, Zygospore©, Oospore®, and Carposporere. 
The types Pandorina , Mesocarpus , Sptroyyra , and Podosphara were taken as indi- 
cating sexual transition between these groups j and Sachs’ description of the essential 
nature and elements of sexual reproduction quoted. The difference between the 
sexes as manifested previous to tne formation of the elemental ‘sperm’ and ‘germ’ 
cells was then traced in the various groups, being greater and manifested earlier in 
the more highly organized groups. 

( Edogonium,' Vaucheria , Phy corny ccs, Cole achate, and Nemalion were alluded to 
in this connexion, and following the pedigree sketched by Sachs (Lehrbuch, 3rd 
edition) the ‘secondary sexual organs’ were traced through the Floride© to the 
ancestral Cormophyte and to the ‘ heterosporous Pteridophyta/ near to which he 
places the Cycade©, the lowest type of Phanerogam. The homology between the 
sexual organs of Phanerogams and Cryptogams was pointed out, and Hildebrand’s 
classification of the sexual arrangements explained. 

In this connexion the terms ‘ apertifiorous ’ (open-flowered) in opposition to 
‘ cleistogenous,’ ‘ approximate,’ and ‘ distant,’ with anthers near to or remote from 
the stigma, and ‘ homostylia,’ were proposed by the author for adoption. It 
was then attempted to base the phylogenetic arrangement of sexual forms (the 
chief subject of the paper) ou the law of economy of nutrition, the advan- 
tageouuiess of cross-fertilization producing dicecism and various intermediate 
stages from an original hermaphroditism. Dicecism was first traced through 
monoecism and monoecious polygamy, Fray aria, Humor, and a reverting sport of 
Bryonia friyida being quoted. The dicecism of the English holly has probably 
been readied from dioecious polygamy, as in the American forms, through an inter- 
mediate monoecism \ and the monceciously or triceciously polygamous genus Cata~ 
setum points to the origin of the latter form from the former probably through an 
intermediate dioecious polygamy. Dicecism may possibly arise also from dimor- 

S liisin, which may be monoecious, as in Dianthus caryojdnyllus and D. plumarius , or 
ioecious, as in some Primulas. 

Dimorphism probably originates in ‘ bi seriate ’ stamens, trimorphism in ‘tri- 
seriate ; ’ but the dioecious dimorphism of Lythrum thyrsifolia would seem to arise 
from trior clous trimorphism by suppression. Among the Composit© the transitions 
are easy from the ‘ equal polygamy ’ of Linn©us, through ‘ superfluous polygamy,’ 
to ‘ frustraneous ’ on the one hand and ‘ necessary ’ on the other, from either of which 
monoecism and dioecisni may arise, as in Cardans arvensis , Petasites , and Antennaria . 
The variety, increasing complexity, and homology of the sexual arrangements, the 
abundant links, and the abhorrence of the sexual uniou of nearly related cells ara 
the theme of tne whole paper. 


Two Monstrosities of Matricaria inodora. 

By Professor Alexandek Dickson, MJ). 

1st. Where the florets of the capitulum were replaced by stalked secondary 
capitula, some of which were in turn again similarly compound. That the secondary 
eapitula really resulted from transformed florets was interestingly shown by the 
pi*esence on the stalk of many of the outer secondary capitula of a ligulate corolla 
with its base embracing the axis. 

2nd. Where many of the florets of the ray presented a narrow ligulate lip directed 
inwards, these internal lips conniving more or less over the central disk. At first 
sight this anonmlv seemed to simulate tlio condition in (Jomposit© Labiatiflor® ; 
but so far as Dr. Dickson’s examinations ns yet went, it would appear that the 
smaller lip was placed laterally to the normal line of non-union of the ligulate 
corolla, and therefore was not a mesial structure compressed to the inner lip of the 
floret in Labiatiflor©. 


14 * 
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Laticiferous Canals in Fruit of Limnocharis Plumieri. 

By Professor Alexander Dickson, M. D. 

Dr. Dickson showed that unusually large laticiferous canals could easily be 
demonstrated shining through the epidermis of the flat surfaces by which the 
numerous carpels are in opposition to each other. 


On the Occurrence in Ireland ofNupliar intermedium, Ledeh, 

By A. G. More F.L.S., MJU.A. 

While sta)ing with .some friends at Crombyn, in West Meath, T noticed on the 
borders of a small shallow lake, on peaty ground, some water-lily leaves which at 
once drew attention from the small size "of their leaves and especially with their 
basal lobes standing apart or widely apart. My friend Mr. Preston Battersby, of 
the Royal Artillery, most kindly instituted a close search, and succeeded at last in 
finding one blossom, from which, together w ith the leaves, 1 ha\e been enabled to 
identify the plant as Nupliar intermedium, Ledeb., \ar. /3. Speunerianum, of Hart- 
man’s 1 Oth edition of the ‘ Ifamlbok i Skandinaviens Flora ’ (Stockholm, 1870), 
vol. i. p. 86. 

Our plant is also, I presume, identical with Dr. Syme’s so-called variety t{ f$. minor 1 
of Nuphar luteum ; but the stigma of the single flower gathered lias 15 rays. Still 
the characters of the leaf bring it rather nearer to var. Spcunerianum than the typical 
form of Ledebour’s N. intermedium. 


A. G. More, F.L.S., exhibited Zostera nana from Carnarvonshire. 


Professor W. II. M‘jNar, M.D., exhibited Choreochvla.c polgsi phono* , Hein sell. 


Notes on the Structure of the Baffin different Specie* of Abies. 
By Prof. W. It. M‘N\b, M.D. 


On Circinnate Vernation of Sphenoptcris afHnis from the earliest stays to 
completion , and on the discovery of Staphylopteris, a Genus new to British 
Rocks. By ('. W. Peach, A.L.S. 

The author stated that he had found Sphenoptcris a finis in black shale nt West 
Calder, near Edinburgh, in circinnate vernation from its earliest state to the com- 
pletion of the plant, and thin had an opportunity of seeing this beautiful fern in 
all its various stages of growth, showing the many \ariations it assumes and from 
which, when so found, no doubt several species have been made. 

It is rather plentiful at West Calder, Slateford, Burdie House, Burnt Island, and 
other places around Edinburgh ; he, however, had not found it in circinnate verna- 
tion in any other locality than the first mentioned. 

He next exhibited and described specimens of Staphylopteris , also from West 
Calder, and said the plant was a new genus to Biitish rocks; that he had met with 
it first sparingly in W4, and in the present > car in some abundance then*, 
especially in one slab. It is something like Staphylopteris Worthcni of Leo 
Lesquereux, figured in \ol. iv. of the Geological Survey of Illinois, from ‘Mho shale 
of the subcongh uncrate coal of Arkansas it, however, differed from that species, 
first, in not showing like a star around a central point ; in having no sporanges ; 
and the flower-like parts instead of only u apparently resting on” are actually attached 
in pairs, hanging m a drooping manner, to small branches. As well as the 
one mentioned, he strongly suspected that he has another species from the same 
locality. Several species have been found in the rocks of Arkansas ; all, however, 
differ from the British one. 

The author expressed his obligations to Mr. It. Etheridge, jun., for first calling 
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his attention to the -American work ; and to Prof. Balfour for his kind notice in the 
‘ Transactions of the Botanical Society of Edinburgh/ vol. xii. part i. page 176, both 
proposing that it should u bear the name of the finder.” He thought it right to 
state that wherever ho found Staphyloptet'is , the Sphenopteris ajfinis more or less 
accompanied it ; however, the latter was most often found without Staphylopteris . 
As well as at West Calder, Staphylopteris has been found at Slateford by the Olficers 
of the Geological Survey and by Mr. D. J. Brown at Straition, all near Edinburgh, 
and all in the Calciferous Sandstone series. 

A large series of Sphenopteris and Staph y/opt eris were exhibited by the author 
with drawings for illustration. 


On some of the Physiological and Morphohujind Features seen in the Plants 
of the Coal-Measures . By Professor \V\ C. Williamson, F.ll.S. 

Proceeding r< :■.* f. ■ :> point of the facts recorded in the communication 

made to the ( •■ .■' * . . I .1 *, the author brought beforo the Biological Section 
some morphological facts. lie showed that even in young twigs of Lepidudendron 
the bark consisted of three very distinct layers, viz: — an inner parenchyma, a 
middle prosenchyma of considerable proportionate thickness, and an outer paren- 
chyma of which tho leaves were expansions. The innermost portion, the inner 
parenchyma, certainly represents a plane of genetic activity, along which tho 
multiplying cells add new lasers of \e>sels to the exterior of the vascular cylinder 
on its inner surface, as it apparently increases as the number of parenchymatous 
cells in the opposite directions. Externally to this parenchyma is the prosenchy- 
matous layer, into which the inner parenckwna passes somewhat gradually, but 
which outwardly becomes a modified ma^ of prosenchymatous fibre, composed of 
very long and narrow prismatic cells. At the first glance this layer looks like a 
phellem or corky layer, but its origin is a different one. Its genetic plane is at its 
outer surface, instead of occupying the position of the phellogen of living barks. 
The cells at this point become elongated radially into long fusiform ones, which soon 
become subdivided by a regular series of vertical cell-walls, all of which ai e parallel 
to each other and to the external surface of the stem. Subsequently each one of 
these parallel cells becomes irregularly subdivided into a cluster of cells, the 
partitions of which are vertical to the primary series. In this manner, apparently, 
additions are made on the inner side to the prosenchymatous layer, and on the outer 
one to the subepideimal parenchyma. It thus becomes evident that the bark of 
each of the Lepidodendroid stems po.'se^ses two parallel planes of genetic activity. 

It is obvious that C alamites certainly possesses the innermost of those genetic 
planes ; and as the author’s arborescent specimen exhibits no indication that the 
second or prosenchymatous layer 1ms been increased from within, it becomes more 
than probable that when yet more perfect specimens are discovered the second or 
outer genetic plane will he found to be identical in all respects with what is seen 
in tho Lepidodendra . 

The author concluded by < il:*. * ■ . **• * f •* to the fact that amongst a large number 
of the coal plants their most specialized and characteristic type features were best 
seen in their young state, the auv ance from youth to maturity being one from specia- 
lized to generalized forms, the result of which was, that the author found it almost 
impossible to identify detached fragments of wood or bark, and hence ho regarded 
all attempts to establish genera and species upon such fragments as absurd. 


On Giyantic Land- Tortoises and a Freshwater Species from the Maltese 
Caverns , with observations on their Fossil Fauna. By A. Leith Adams, 
F.ll.S. y Professor of Zoology, Royal College of Sen nee , Dublin. 

The author exhibited and mado a few observations on bones of gigantic tortoises 
collected by Admiral Spratt and himself in tbo Maltese Caverns. 

During the five years ho was engaged in exploring the rock-cavities of Malta, 

♦ Suprfr. p. 98. 
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among other fossil remains, he discovered several fragments of bones of gigantic 
Chelonians, one of which rivalled in dimensions any of the recent or extinct species 
hitherto reported from the Mascarene and Galapagos Islands. The remains were 
found in conjunction with bones and teeth of the dwarf elephants and gigantic 
dormice ; and whilst remains of the Proboscidians and Rodents were extremely 
abundant in certain rock-cavities he examined, and tho Chelonians were also well 
represented, it was a noteworthy fact that no traces of large Carnivora were met 
with. This absence of the order, excepting the tooth of a small Can is, he supposed 
accounted for the presence of the large helpless tortoises, as obtained also in the 
Galapagos and Mascarene Islands. 

The largest of the Chelonians rivalled in dimensions the Tcstudo elephant opus 
and Testudo ephippium, and showed some affinities with the latter, but was generally 
distinguishable from any recorded species from these islands by a marked robustness 
of the bones; on which account he proposes to name it Tcstudo robusta. A smaller 
species, distinguishable also, morphologically, from tho preceding, he proposes to 
name after Admiral Spratt ; whilst a few hones of a small freshwater tortoise were 
indistinguishable from tho same parts of the Lutremys eur opera, which is still not 
uncommon in the south of Europo and in certain islands of the Mediterranean. 

The author was inclined to believe that the Maltese-cavern fauna belonged to a 
late Pliocene rather than a Pleistocene period, such as that exhibited by the Sicilian 
caverns, to wit, the Caves of Palermo ; and that, although the Hippopotamus Pent - 
landi and smaller forms are both represented in Malta, Sicilv, and Crete, the absenco 
of traces of the dwarf elephants and gigantic dormouse in the two latter situations, 
and the presence of the lly&na crocuta , Elcphas antiquus , and large Felidee in Sicily, 
seem to point to faunas of two different epochs. Indeed, in the case of the Maltese 
deposits, it would appear, in some Instances at all events, that the animal remains 
of the fissures had been derived from older beds w hich were broken up during the 
submergence of the area. Rut as the Maltese rocks were Miocene and the upper- 
most had been supposed to indicate the presence of Pliocene Tmertebrata, it w T as 
clear that the red soil and clay which formed the matrix in which the above animal 
remains were found, in the rock rents, could not bo more ancient than a later 
Pliocene. 

He strongly advocated further explorations of tho islands of tho Mediterranean 
in quest of fossil remains, and stated that there was still much to be done in Malta. 


On the Arenaceous Foraminifera collected in the 4 Valorous ’ Expedition. 
By Dr. W. II. Carpenter, C.B., F.It.S. 


Further llesearches on the Nervous System of Antedon rosaceus (Comatula 
rosacea, Lamk.). By Dr. W. B. Carpenter, C.B., F.B.S. 


IternarJcs on the Anatomy of the Arms of the Crinoids. 
By P. Herbert Carpenter, B.A. 


On Delphi n us albirostris. By D. J. Cunningham, M.I). 


Experiment $ on the Formation and Growth of Artificial Silica Cells. 
By Prof. Ferdinand Cohn. 


On Spontaneous Evolution and the Germ Theory . By N. Carmichael, M.J). 
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The Biological Results of a Cruise in H.M.S. * Valorous 9 to Davis Strait in 
1875. By J. Gwyn Jeffreys, LL.D., F.R.8. 

A preliminary Report on this subject was presented to the Royal Society, and 
has been published in their * Proceedings/ vol. xxv. p. 177. The author gave an 
account of the voyage (which was undertaken by him in consequence of an applica- 
tion made by the Council of the Society to the Admiralty) and of the biological 
results, more especially with respect to geographical distribution and geology. The 
author treated of the Mollusca ; and Professors Allman and Duncan, Dr. MTntosh, 
the Rev. A. M. Norman, Dr. Carpenter, and Professor Dickie contributed notices 
of other departments of the marine fauna and flora. 


A Double Dilemma in Darwinism . By the Rev. F. 0. Morris. 


Notes on Oceanic Deposits and their Origin , based on Observations made on 
board H.M.S. 6 Challenger 9 By John Murray. 


On the new Cases in the Hunterian Museum. By Prof. J. Young, M.D. 


Anatomy and Physiology. 

[For Dr. M'Kendriek’s Address, see page 120.] 

On the Development of the Proto-Vertebree in Elasmohranchs . 

By F. M. Balfour, B.A . , Fellow of Trinity College , Cambridge . 

The mesobhist in Elasmohranchs arises os two independent plates, each of which 
becomes divided into two layers, a somatic and a splanchnic. In the dorsal part 
of each plate a series of transverse slits arises, which serves to distinguish a dorsal or 
vertebral portion of the plate from a ventral or parietal. A cavity is next formed 
between the two layers of the plate, which is continued quite to the summit of the 
vertebral part. Hull later the segmented vertebral part of each plate, with its en- 
closed cavity, becomes separated from the parietal part and forms the muscle-plates. 
Each of these is a somewhat rectangular body, formed of two layers, enclosing 
between them part of the original body-cavity. The inner of these two layers soon 
buds off cells to form the rudiments of the \ertebral bodies, and itself is trans- 
formed into longitudinal muscles ; the outer layer of the muscle-plate becomes con- 
verted into muscles at a considerably later period. 


On the Changes in the Circulation which are induced when the Blood is expelled 
from the Limbs by Esmarclis Method. By H. G. Brooke, B.A. ( bond .), 
and E. 0. IIorwooD, B.A. (O.von). 

The authors slated that the object of the experiments was to observe the pulse 
during and after the expulsion of blood from the limbs. Healthy young men were 
experimented on, and the experiments were made one or two hours after a light 
meal. The pulse was counted with the aid of a watch, and its form recorded by 
means of the sphygmograpli. The person experimented on was stripped and recum- 
bent. Normal pulse-rate and sphygmogmphic movements were recorded} and 
afterwards one leg was bandaged from below upwards. During bandaging, pulse- 
rate was observed, and immediately bandaging was complete further sphygmo- 
graphic tracings were taken. This was repeated with the other leg. After a short 
time both bandages were suddenly let go, and at the same instant pulse-rate and 
sphygmographic movements were again recorded. 
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As the result of their observations, the authors state that — 

1. During bandaging of the first lower limb, the pulse-rate increases, and after- 
wards (generally after a very short interval) falls to about the normal. 

2. During bandaging of the second lower limb, the pulse again quickens its pace, 
returning* almost to the normal, but sometimes remaining a few beats above the 
normal. 

3. When both bandages are suddenly let go, there is at once a marked 
acceleration of pulse-rate, but of brief duration. 

The authors point out the changes which bandaging aud unbandnging must have 
upon the disposition of the blood in the circulating system. Thus, on bandaging, 
the arterial blood is driven from the limbs bandaged into the arterial system of the 
trunk, head and neck, and upper extremities, raising the pressure all over the system : 
while the venous blood, together with the lymph, are also dm on into the "rest of 
the body from the compressed limbs, but are only able to affect the pressure in the 
trunk, head, and neck, being excluded by valves from the upper extremities. 
Hence the general venous pressure will have a relatively larger increase than the 
general arterial pressift*e. 

Again, on unbandagiug, the arterial blood rushes down the lower limbs to fill 
the previously obliterated vessels, thus diminishing the general pressure of the 
arterial system; while no such reflux of the venous blood is possible on account of 
the interposed valves of the v eins. Hence, while the arterial pressure is diminished 
suddenly, the venous remains, for the moment, as it was ; that is to say, the general 
venous pressure will experience a relatively less diminution than the general 
arterial pressure. 

Now, comparing the conditions on h.‘nd,i_i: > and uiihandaging, it wdll be seen 
that, in both cates, (he relative difference normally existing between arterial and venous 
pressures on the tuo sides of the heart is diminished , on bandaging by approximating 
the venous to the arterial pressure, on unbandagiug by approximating the arterial 
to the venous pressure. May w r e not, the authors suggest, uoek in this coincidence 
of conditions an explanation of the somewhat unexpected similarity of eflect on 
bandaging the lower limbs and on loosing the bandages? 

In the course of the discussion which followed, Professor Kronecher, of Leipzig, 
pointed out that the addition of a large quantity of l\mph to the blood on 
bandaging, by altering the composition of the blood, might well be supposed to 
affect the heart’s rate, since the heart is now known to be very sensitive to qualita- 
tive changes in the fluids bathing it. 


On the Morphology and Histology of the Serious System of Antedon rosacous 
(Comatula rosacea, Lanik.). By Dr. W. B. Carpenter, C.B., F.ILS. 


On a Hypothesis of the perception of Articulate Speech. By Dr. Cassells. 


On the Morphological Relations of the Lower End of the Humerus . 

By Professor Clkland, MJ)., F.ll.S . 

In this communication it was pointed out that the torsion of the humerus spoken 
of by more than one writer has no existence in nature, and that the limb is deve- 
loped in its morphological position. While the radius is morphologically anterior 
to the ulna, the anterior, posterior, external, and internal aspects of the* humerus 
have morphological relations exactly corresponding with those names, so that the 
flattening of the lower end of the humerus is not a commencement of the expansion 
which results in two hones in the forearm. The radius does not belong to the outer 
side of the humerus, nor the ulna to the inner side; hut the radius is in front of 
the humerus^ the ulna behind it, and the limb is in its morphological position when 
the forearm is in semipronation. 
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Oil a II g* h ' SIcull , atwZ oji the Duplicity of the Temporal llidge. 

By Prof. Clelam), EM.S, 


On the Spinal Nervous System of the Cetacea. By D. J. Connie on am, M.D., 
Senior Demonstrator of Anatomy, Edinburgh University. 

At the outset of my investigations into the anatomy of the spinal nervous system 
of the Cetacea, I endeavoured to discover whether any anatomist had described the 
i vi m« : of these nerves. This was no easy matter, so little had been written 
on the subject. II. Kapp (‘ Die Cetaceen,’ .Stull mart, 1 nI 7) states that, “wdth respect 
to the course of the spinal nerves (of the Cetacea) there are no researches and 
Stannius (‘ Lehrbuch der Vergleiclicnden Anatomic/ Zweiten Theil, 18-10, p. 393) 
simply mentions that in the Dolphin a nerve-trunk proceeds out of the lumbar 
plexus, the branches of which are intended for the muscles of the rudimentary 
pelvis, and for the external genital organs and their muscles, as well as for the 
region of the anus.” Indeed it was not until I had finished my investigation that 
I discovered that Swan, in the “ Table of Contents ’’ or Introduction to his work 
upon the i Comparative Anatomy of the Nervous System/ published in 1835, 
gives a short account of the whole neivous system of the porpoise. 1 believe, 
however, that besides extending his account very materially, 1 am able to give 
additional results ; and I have taken care to have all my dissections illustrated by 
drawings, whilst he, witli his wealth of plates of the nervous system of other ani- 
mals, does not give one of the nervous system of the Cetacea. 

I may mention that the following results are derived from the dissection of four 
members of the Cetacean group, viz. three porpoises and one dolphin*. 

Spinal Cord. — The spinal cord is surrounded and supported on all sides by the 
dense rete mirabile, which may be looked upon as performing a threefold function : 
(1) it constitutes a soft pliable packing material, bv means of which the cord is 
protected from shocks; (2) it maintains a uniform warmth around this important 
and delicate nervous centre by keeping it constantly bathed, as it were, in warm 
arterial blood; (3) and lastly," cs Professor Turner has pointed out (Tians. Hoy. 
Soc. Ediub. vol. xxvi. p. 233), it subdivides the arteiial stieam, and equalizes its 
force before it readies the brain and spinal cord. 

In tin* porpoise the spinal coid extends from the margin of the foramen magnum 
to a point corresponding to the interval between the Oth and 7th bimbo-caudal 
vertebra', and opposite to the foramina of exit of the 27th pair of spinal nerves. It 
presents two enlargements — one in the cervical, and the other in the lumbar region. 
The former of these is connected with the nerves which go to form the cervical and 
brachial plexuses, and the latter with the nerves which supply the genital organs 
aud the muscular apparatus of the tail. Detween these enlargements the cord is 
of uniform diameter, and the lumbar swelling tapers away in a fusiform manner 
into the filum terininale. 

Boots of the Spinal Nerves. — The direction and length of the nerve-roots and the 
size mid position of the ganglia vary in the different regions of the spine. 

The nerve-roots which proceed from tho cervical and lumbar enlargements of 
the cord are closely crowded ’ . :!;• . . whilst in the dorsal region they are placed 

at considerable intervals from • ,n*ii ■ ■. Those arising from the lumbar swelling 

arc very long, tortuous, or curly, loosely hound together by lax connective tissue, 
and they constitute the cauda equina. They pass directly backwards to reach 
their respective foramina of exit. The dorsal and cervical nerve-roots are much 
shorter, and the former are directed outwards and backwards, whilst the latter, 
w ith the exception of the first three which pass directly outwards, take a course 
outwards and forwards. 

In all the regions the superior nerve-roots are smaller than the inferior — thus 
constituting a marked contrast to mosl mammals, in which the reverse of this 
arrangement holds good. Nowhere, however, is this difference in size so marked 
as in tho cauda eqiuna, in the last nerves of which the superior root is half the size 

* A young specimen of 1). albirostris [eidc Proe. Zool. Soc. 1876, p. 679). 
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of the inferior, and in some places so delicate that when stripped of the loose con- 
nective tissue which surrounds it, it resembles (in the porpoise) a fine thread or 
hair. From this fact we must not conclude that sentiency is dull in the Cetacea, 
for as the animal tapers towards the tail, the amount of skin to be supplied with 
sentient fibres is small in comparison to the huge muscular masses to be supplied 
with motor filaments. In the cervical, dorsal, and upper lumbar regions, where the 
cutaneous surface is oxtensive, the superior roots attain a size only slightly smaller 
than the inferior roots. 

Spinal Nerves . — In the lumbo-caudal region of the vertebral column of a porpoise 
or other cetacean, the intervertebral foramina correspond to the intervals between 
the laminae of contiguous vertebrae, and consequently lie on a higher horizontal 
plane than the transverse processes. As we approach the dorsal region, however, 
a rudimentary pedicle begins to show itself, and this becomes more and more 
marked as we pass on towards the cervical region. In the cervical and dorsal 
regions, therefore, the intervertebral foramina occupy a more ventral plane, being 
situated between the pedicles and inferior to the transverse processes. It follows 
from this that the removal of the great extensor muscle in the lumbo-caudal 
region displays the whole spinal nerve issuing from the spinal canal, whilst in the 
dorsal and cervical regions it only exposes the superior divisions of these nerves 
passing upwards between the pedicles. 

Cervical Nerves. — These are eight in number, and, owing to the fusion or close 
opposition of the vertebrae in this region, they are closely crowded together. Each 
nerve divides into a superior and inferior division. The superior divisions supply 
the muscle and skin on the superior aspect of the neck, and are in some cases (e. y. 
dolphin) joined together by communicating branches which lie close to the vertebrae. 
The first three of the inferior divisions join together, so as to form a cervical plexus, 
whilst the remaining five, together with the first dorsal nerve, and in some cases a 
small twnr from the second dorsal nerve, enter into the formation of the branchial 
plexus. The chief branches of the branchial plexus are those which correspond 
to the musculo-spiral, median, and ulnar nerves in mail. There is no circumflex 
nerve. 

Dorsal Nerves . — The superior divisions of these nenes join together in a plexi- 
form manner. Well-marked communicating branches pass between the various 
superior trunks, and connect them with each other. A longitudinal cord or plexus 
is consequently formed. The distribution of the inferior divisions is similar to that 
of the same nerves in other mammals. 

Lumbo-caudal Nerves — The arrangement of the spinal nerves posterior to the 
dorsal region is different from that of any other group of mammals (excepting 
perhaps the Sirenia) with which lam acqu tinted. The final cause of this is 
obvious ; it is an adaptation of the nervous system to .suit peculiarities in the 
muscular construction of these animals. In other mammals powerful inferior ex- 
tremities are developed for the purpose of locomotion, and consequently the inferior 
divisions of the lumbar and sacral nerves are large as compared with the superior 
divisions, and they are thrown into plexuses to supply the muscles which act upon 
these limbs. In the Cetacea, on the other hand, lower limbs are absent so far as 
locomotion is concerned. The tail is the great organ of progression, and the muscles 
which work it are developed equally above and below the transverse processes of 
the vertebral column. In consequence of this, the superior divisions of the spinal 
nerves have as important a part to play in the supply of the muscles of the chief 
organ of locomotion as the inferior, seeing that it falls to them to give branches to 
the extensor muscles, whilst tho latter have as their office the supply of the flexor 
muscles. The result of this is, that the superior and inferior divisions of tho 
lumbo-caudal nerves in the Cetacea are very nearly of equal size. To insure the 
proper nervous supply of the four great muscular masses which work the tail, two 
great longitudinal cords or trunks are formed by the spinal nerves on each side of 
the vertebral column-one superior, and formed by the junction of the various 
superior divisions, and the other inferior, and formed by tne union of the inferior 
divisions. The first of these commences towards the middle of the dorsal region ; 
but even in the cervical region a tendency to a similar arrangement is exhibited. 
The inferior longitudinal cord begins further back, at a point corresponding to the 



TRANSACTIONS OF THE SECTIONS. 


151 


eleventh lumho-caudal vertebra. Posterior to this point, therefore, we have arranged 
around the vertebral column four great nervous cords — two of which are supenor, 
and situated one on each side of the vertebral spines, and two inferior, and placed 
one on- each side of the vertebral bodies below the transverse processes. They are 
continued back to the tail, and their chief function is to supply the four great 
muscles which act on the tail. Sensory filaments, however, are also given to the 
skin. 

The first eleven of the inferior divisions of the lumbo-caudal nerves do not enter 
into the formation of the great inferior cord. They correspond to the lumbar and 
sacral nerves in man. The large internal pudio nerve takes origin from the more 
posterior of these. 


l&cent additional Observations on the Physiological Action of Sight, 
By Prof. Dewar, F.B.S.E 


On the Action of Vanadium upon the Intrinsic Nervous Mechanism of the 
Frog's Heart. By Prof. Arthur Ganger, F.li.S ., and Leopold Larmuth. 

Method of Experiment. — A frog’s heart was arranged with an artificial circula- 
tion, the blood (*. e. rabbit’s serum) passing from a reservoir of given height through 
the auricles, veutricle, and bulbus aorta , and being allowed to trickle back into tlie 
reservoir down the sides of a glass rod, so as to be exposed in a thin film to the air. 
In the course of this artificial circulation a mercurial hmmodynamometer was inter- 
posed, arranged so as to record its movements on a blackened cylinder. Before 
taking a tracing the outlet of the blood from the circulating system back into the 
reservoir was obstructed, thus causing the mercury in the distal manometric limb 
to rise and oscillate. Normal tracings were first taken; then the serum was 
mixed with a solution of a sodium salt of vanadium (NaVO,,, or Na 4 V 3 0 7 , or Na 3 
V0 4 ), and other tracings taken at intervals. When the effects of vanadium-poison- 
ing were well advanced the vagus nerve was stimulated in certain cases and the 
effects noted. In other cases atro pin-poisoning was induced prior to mixing tho 
serum witli tho salt of v anodic acid. 

Results of Experiments . — When vanadized serum flows through a heating frog’s 
heart (being present in a proportion of *008 per cent, of V a () 3 ) the force of ventri- 
cular systole is much diminished, the ventricle passes into persistent contraction 
for a time, while the auricles pulsate as usual or somewhat enfeebled. If the pro- 
portion of vanadium were twice as large, the ventricle stops writhing one or two 
minutes in a state of rigid contraction, in which it continues for a long time, often, 
however, relaxing again before death. 

When so contracted, excitation of vagus, sufficient to stop tho auricles, has no 
effect on the ventricle. 

The previous administration of atropia does not in the slightest modify the above 
results. 


On the Difference in the Poisonous Activity of Phosphorus in Ortho-, Meta-, and 

Pyrophosphoric Acids. By Prof. Arthur Ganger, F.li.S., John Priestley, 

and Leopold Larmuth. 

In their experiments the authors made use of frogs, rabbits, and clogs ; and the 
sodium salts of tho phosphorus acids investigated were introduced into tlie system 
either subcutaneously or by venous injection. The salts used were trisodic ortho- 
phosphate, tetrasodic pyrophosphate, and sodic metaphosphate, the standard solu- 
tions being made to contain the same amount of phosphorus calculated as P a 0 5 . 

As the result of their experiments the authors state : — 

1. That trisodic orthophosphate is physiologically inactive. 

2. That sodic metaphosphato is a poisonous substance, but not so poisonous as 
pyrophosphate of sodium. 
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3. That tetrasodic pyrophosphate is a body of great poisonous activity, inducing 
death without materially affecting the irritability of voluntary muscles or of nerves. 
It exerts an action on the spinal cord and medulla oblongata not unlike that exer- 
ted by sodium salts of vanadic acid. On the heart its action is similar to that of 
salts of vanadic acid. On general nutrition and on the alimentary canal (when 
any action resulted) the effects were like those of poisoning by phosphorus, viz. 
fatty degeneration of kidneys, muscular tissue of heart and of liver on the one 
hand, and hiemorrhagie infarctions and brown patchy congestion of the alimentary 
mucous membranes. When introduced into the alimentary canal fatal results 
never followed; this being probably due to rapid elimination. 


On the Action of Pyroph osphoric Acid on the Circulation, 

By Prof. Arthur Gamgee, F.R.S., John Priestley, and Leopold Larmuth. 

The authors described experiments on rabbits and frogs in which sodium pyro- 
phosphate was introduced into the system, chiefly by venous injection. They dis- 
covered in rabbits a twofold change in the circulation, occurring within 6-2.~> 
seconds after injection of the drug, viz ( 1) a fall in blood-presMiro and (2) a marked 
slowing of pulse-rate, which they believe they have proved to be due to an 
action on the vaso-motor centre in the medulla oblongata and an action on the in- 
trinsic motor mechanism of the heart respectively. 


On tht Brain of the Canida?. By It o pert Garner, F. L,S, f F.R.C.S. 

The author infers, drawing his conclusions fiom the measuienieuts of the capacity 
and from ca^s of the interior of the skulls of different dogs, that the size of the 
brain does not very closely correspond with the size of the animal. He is also 
disposed to argue for the derivation of our domestic dogs from one or more wild 
dogs ; but of the more remote origin of the latter he does not propose to treat. 
From the table it will be seen that no dog has so large a brain as the wolf, or one 
so 3mall as the jackal, from both which animals he has been supposed to have been 
domesticated; his brain seems specific in size. Though .Mr. Darwin has shown 
that the large tame rabbit has a smaller brain than the w ild one, vet we could hardly 
suppose that the dog, if he were a domesticated wolf, would have his brain so dimi- 
nished, the circumstances of the two cases differing verv widely. For similar 
reasons, if either the wolf or the jackal must be assigned as the somce of the 
domestic dog, perhaps preference must be given to the latter. Little account need 
be taken of the likeness often seen between these different animals, or of the simi- 
larity of the ceiebral folds, any more than of the corresponding circumstances in 
the Felkhe. 

Though neither the size of the brain nor the intelligence of the dog increase in 
the exact ratio of the size of the body, jet the two former seem to correspond 
better to each other. In large dogs the skull, as a whole, rather than its brain- 
cavity increases, and this for muscular attachment, size of teeth, &c. Put it is not 
easy to advance further and connect the various powers of dogs with any pecu- 
liarity of brain organization. In dogs with line scent, as the hound, the rhinou- 
ceplialon is elongated or enlarged and the whole brain also lengthened, and this 
throws back the three arched folds which are situated over the tismrc of Sylvius ; 
the smaller dogs, noted for acuteness of smell as well as sagacity, as the terrier, 
may have a short but d< ep ihinoncephalon, fuller convolutions, and the arched folds 
more uprighj. A distinct inner anu anterior lobule is seen in front of the upper 
transverse sulcus, as well as in the hog, sheep, and horse, but little developed in the 
cat, where smell is less acute ; in the sheep it is covered with pigment like the 
olfactory nerve, and it appears to be the terminus of the inner root of the nerve. 
The above description comprises most of what is seen on the surface of the brain, 
and the elongated and simple folds, of which, however, the upper one is bifurcated 
before and behind, somewhat correspond with Mr. Swan’s later dissections, obscuro 
ns is his text ; there is, however, a superadded tract bordering tlic longitudinal 
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fissure on each side, connected with the inner surface of the hemisphere, and 
hounded in front by the transverse or crucial sulcus, also forming behind an 
occipital portion lying under the supraoccipital lamina. In these different convo- 
lutions there are certainly minor variations in different dogs. 

When we see that the brain of the dog is no larger and not more convoluted 
than that of the sheep, we must infer that lie owes his sagacity in a great measure 
to the training and companionship of his master. But no doubt he had its germs 
by nature, together with fine scent, fleetness, watchfulness, and hunting propen- 
sities ; he hence became, as Cuvier expresses it, “ la conquete la plus complete, la 
plus singuliere ct la plus utile que 1‘homme ait faile.” 

In the Table several of the above facts will be manifest ; for instance, the New- 
foundland dog, though it was so sagacious as to rescue a drowning man at Southport, 
mid though the weight of its body would have been four or five times as much as 
that of one of the small terriers, had its brain only about one fifth larger than 
these Inst. 

The capacities of the skulls were ascertained by measuring the interiors by 
means of sand, and reducing to the equivalents of the natural contents. 



Length 

of 

Skull. 

Weight 

of 

Brain. 


inches. 

drams. 

Sheep-dog 

Gi 

m 

Old male Trentham Fox-hound .... 


202 

Setter 

n 


Mastiff 

8] 

m 

Betriever or large Spaniel 

0 

23J 

Colly 

G 

2C2 

White Bull-dog 

G 

24 

Newfoundland 

81 

24 

Greyhound 

7 

201 

Fox-like Mongrel 

G 

23i 

Pi.,ur~i. 

G 


\ 

6J 

21* 

Smooth Terrier, female 

H 

20 

Bough Terrier 

H 

m 

Small Spaniel 

H 


Lap-dog 

3} 

18 

Bough Terrier, female 


17 

European Wolf 


415 

Indian Jackal 
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132 
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132 


On the Unwholesomeness of Flesh Diet in Tropical Climates, 
By C. 0. Groom Napier. 


Uher die Physcmarien (Ilaliphysoma and Gastropkysema), von Ernst Haeckei. 

Dieso kleinen Zoophyten, welch e auf dem Mr'*r. -jriinh* festsitzend leben, 
gehdren zu den altesten und einfachsten unter alien Metazoen und stelien in 
erwachsenem Zustande unter alien Thieren del* Gastruta-Fonw am niichsten. 
Ilaliphysema ist zuerst von Bowerbank als eine kleine Spongie, Oti'fro/diy<vi‘M 
liingegen (unter dem Namen Squamulina scopula) von Carter als ein Bhizopode 
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beschrieben worden. Beid© Genera zusammen bilden eino besondere kleine Klasse 
von Zoophvten, welclie der Vortragende Gastraeaden nennt, und welche weder mit 
den Spongien noch mit den Hydroiden vereinigt werden konnen, da si© die unter- 
scheidenden Charaktere beiden in sich vereinigen. 

Eine ausfiihrliche, von G Tafeln begleitete Abhandlung iiber dies© Gastraeaden 
bat inzwischen Professor Haeckel verdffentlicht in der ( Jenaisclien Zeitschrift fur 
Naturwissenschaft/ vol. xi. Heft i., 20. Marz 1877. Separat-Abdruck in den ‘Stu- 
dien zur Gastraea-Theorie. , 


On the Dynamics of the Racial Diet in India . By Surgeon-Major Johnston. 

On the Action of Alcohol on the Brain . 

By Charles Thomas Kingzeit, F.C.S. London and Berlin . 

The question of what becomes of alcohol taken into the system has been exten- 
sively studied. 

Thudichum was the first to determine quantitatively the amount of alcohol 
eliminated by the kidneys from a given quantity of alcohol administered, and the 
result which he obtained was sufficient in itself to disprove the “ elimination ” 
theory at that time widely prevailing. 

Duprd and many others continued these researches, from which, to use Duprtfs 
own words, we may fairly draw throe conclusions (see i Practitioner/ March 1872, 
being abstract of a paper communicated to the Royal Society) : — 

(1) The amount of alcohol eliminated per day does not increase with the con- 
tinuance of the alcoholic diet ; therefore all the alcohol consumed daily must of 
necessity be disposed of daily ; and as it is certainly not eliminated within that 
time, it must be destroyed in the system. 

(2) The elimination of alcohol following the taking of a dose of alcohol is com- 
pleted twenty-four hours after the last dose of alcohol has been taken. 

(3) The amount eliminated in both breath and urine is a minute fraction only of 
the amount of alcohol taken. 

Now T)r. J. Percy in 1839 published a research on the presence of alcohol in the 
ventricles of the brain, and, indeed, he concluded “ that a kind of affinity existed 
between the alcohol and the cerebral matter.” lie further stated that he was able 
to procure a much larger proportion of alcohol fioin the brain than from a greater 
quantity of blood than could possibly be present within 111 © cranium of the animal 
upon which he operated. 

Dr. Marcet, in a paper read before the British Association in 1859, detailed 
physiological experiments which he considered to substantiate the conclusions of 
Percy, inasmuch as they demonstrated that the alcohol acted by means of absorp- 
tion on the nervous centres. 

Lallemand, Perrin, and Duroy had moreover succeeded previously in extracting 
alcohol from brain-matter in cases of alcoholic poisoning. But all these researches 
leave us entirely in the dark as regards the true action, if any there he, of alcohol 
on cerebral matters. And no method of investigation was possible until the 
chemical constitution of the brain was within our knowledge. 

Thudickum’s recent researches in this direction, together with some more recent 
and published investigations by Thudichum and the author, have placed within 
reach new methods of inquiry regarding the action of alcohol on the brain. In my 
research I have attempted this inquiry, by maintaining the brains of oxen at the 
temperature of the blood in water or in water containing known amounts of 
alcohol. The extracts thus obtained have bf'en studied in various ways and sub- 
mitted to quantitative analysis, while the influences exerted by the various fluids 
on the brains have been likewise studied. These influences extend in certain coses 
to hardening, and to an alteration in the specific gravity of the brain-matter. 

Here I shall simply state in the fewest words my results and the conclusions to 
which they lead. 

Water itself has a strong action upon brain-matter (after death), for it is capable 
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of dissolving certain principles from the brain. These principles include cerebrine 
(Ca 4 H ftt) N a 0 8 ), myeline (C 4 .IL 3 NPO 0 ), and apparently a new phosphorized prin- 
ciple insoluble in strong alcohol, together with that class of substances generally 
termed extractives. At the same tune the brain swells and attains a smaller 
specific gravity : thus in one case from 1030 it became 1007. It is notable that 
water, however, dissolves no keplialine (C. 2 IL 9 NP0 13 ) from the brain. 

Alcohol seems to have no more chemical effect on the brain than water itself, so 
long as its proportion to the total volume of fluid does not exceed a given extent. 
The limit would appear to exist somewhere near a fluid containing 35% alcohol. 
But if the ]hTivi«uiji i of alcohol exceeds this amount, then not only a larger 

? uantity of matter is dissolved from the brain, but that matter includes kephaline 
0 42 H 7 JnP 0 13 ). Such alcoholic solutions also decrease to about the same extent 
as water the specific gravity of brain-substance, but not from the same cause ; that 
is to say, not merely by the loss of substance and swelling, but by the fixation of 
water. Many difficulties surround the attempt to follow these ideas into life, and 
to comprehend in what way each or all these modes of action of water and alcohol 
on the brain may be influenced by the other matters present in blood. From 
Thudichum’s researches it follows that the brain must be subject to every influence 
affecting the blood ; and it Is probable, on consideration, that what is written above 
regarding the action of water on the brain is likewise true of an extraordinary 
watery serum in life. But if the serum be rich in salts, those salts, by a power of 
combination which they have for the cerebral principles, would preserve the inte- 
grity of the latter. On the other hand it is difficult to see how any of the matters 
known to exist in the blood could prevent alcohol, if it were present in sufficient 
amount, either from hardening the brain (as it does after death) or from dissolving 
traces of the principles to be lienceforth carried away in the circulation. That is 
to say, should physiological research confirm the stated fact that the brain in life 
absorbs alcohol and retains it, it would almost follow of necessity that the alcohol 
would act as I have indicated and produce disease, perhaps “ delirium tremens.” 


On the Poisonous Activity of Vanadium in Ortho Meta-, and Pyrovanadic 
Acids. By Leopold Larmttth. 

The author concludes from certain experiments detailed that the toxic intensity 
of orthovanadate of sodium is much less than that of the pvro- and metavanadates 
of the same base, but that the fundamental mode of action is the same in each. 


On the Action and Bounds of the Heart. By Dr. Paton. 


Note on the Physiological Action of Vanadium . By Jonx Priestley. 

The author described the methods of experiment and observation followed out 
in a research into the physiological action of vanadium, and concluded by stating 
the general results arrived at, viz. : — 

1. That vanadium is a poisonous substance. 

2. That the symptoms of poisoning are, in general, similar whatever the method 
of the introduction of the salt into the animal system. 

3. That the symptoms of poisoning which appeared in one or other of the various 
classes of animals above mentioned are paralysis of motion; convulsions, local or 
general; rapidly supervening drowsiness or indifference to external circumstances; 
congestion of alimentary mucous membranes ; discharge of sanguinolent fluid faeces ; 
presence of glairy, fluid mucus in the intestines after death ; certain changes in 
respiration, and, coincidontly, a fall in temperature ; drowsiness and feebleness of 
pulse. In addition, the heart was always irritable after death, consciousness and 
sensibility to pain seemed unimpaired, aiid no diminution could be detected in the 
powers of muscle and nerve to respond to stimulation. 

4. That the lethal dose for rabbits lies between 9T8 and 14GG miiligr. of V 3 O a 
per kilogr. of rabbit. 
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6. That the special action of vanadium on the function of respiration is to cause 

(a) A stimulation, followed by 

(b) A depression of respiration, the latter being not continuous, but 

intermittent. 

Both effects are considered to bo due to an action of the poison upon the respi- 
ratory nervous centre. 

G. That the special action of vanadium on the function of circulation is to cause 

(a) A diminution of blood-pressure, which is not continuous, but inter- 

mits during the operation of the poison ; 

(b) A disappearance of respiration-curves ; 

( c ) A diminution and irregularity of pulse, which is also intermittent. 

The results are considered to be due to an action of the poison on the vaso-motor 

centre and on the intracardiac nervous mechanism. 

7. That, although muscles and nerve-trunks speedily die when immersed in even 
dilute solutions of a sodium salt of vanadium, yet vanadium is not rightly to be 
called a muscle- and nerve-poison, since frogs which have been poisoned by sub- 
cutaneous injection of vanadium still possess nerves and muscles which, in irrita- 
bility or in power of doing work, are quite normal. Nevertheless vanadium attacks 
the nervous centres of tho spinal cord and medulla oblongata. 


Observations on the Physiological fiction of Chromium. 

By John Priestley. 

The author experimented with guinea-pigs, rabbits, and frogs, injecting solutions 
of neutral chromate of sodium (Na^CrOj) beneath the skin or into the veins. Ho 
concludes : — 

1. That *1 to *3 gnu. Cr0 3 , in the form of the above-named salt, is a powerful 
poison for rabbits and guinea-pigs. 

2. That death is preceded by spasms and violent retelling, which commence a 
few minutes after injection of the poison. Spasms are succeeded by paralysis of 
motion and, in frogs, abolition of reflex action. 

3. That the blood-pressure first rises and then falls, the fall continuing until death. 
Further, that after the fall has become marked the pulse suddenly becomes ab- 
normal, stopping for the space of a beat or two at irregular intervals, which are 
occasionally of considerable length, the pulse becoming regular again during tho 
intervals. The author believes that this irregularity of pulse is due to an action 
on the vagus nervous centre. 

4. That the alimentary mucous membranes are the seat of extensive congestion 
and ecchymoses. 

5. That the kidneys become congested. 

G. That muscles and nerve-trunks and extremities remain sensibly normal. 


The Termination of the Nerves in the Vestibule and Se mid radar Canals of 

Mammals. By Uiunx Pritchard, M.D . , F.ll.C.S. y Aural Surgeon to 

King's College J hospital, Lecturer on Animal Physiology at King's College. 

The author gave the results of his im estigations info the structure of the nerve 
epithelium, as it is called, which contains the terminal distribution of the acoustic 
nerve. 

The membranous labyrinth is composed of three layers — externally some loose 
connective tissue, then a distinct layer of dense connective tissifo (the tunica 
propria), and lying on this a 1 ■ • r of tessellated epithelium. At the acoustic 

spots, where the nerve is «i 5 !, this membrane is firmly adherent to the 

osseous wall, and the epithelial layer becomes transformed into nerve epithelium. 

In the saccule and utricle these spots are termed tho macula) acusticflo, and in 
the three ampulla) the crista) aeusticre, the latter being raised into a kind of ridge. 

The nerve epithelium. — Max Sehultze described ibis structure as consisting of 
three elements — a deep layer of nuclei, a superficial layer of cylindrical cells, and 
between them numerous filiform cells. 



TRANSACTIONS OF THE SECTIONS. 


157 


Odenius and Kolliker’s researches confirmed these observations, but Ilasse gives 
a totally different account of the structure. Ho describes it as consisting of alter- 
nating elongated cells, the one bearing the cilium, the other isolating the ciliated 
cells, and resting with a broad base on the membrana propria. 

Rudingor somewhat reverses the description of Hasse, and states that the 
isolating cells are triangular, with their bases turned upwards so as to form the 
free border of the epithelial mass, and doubts the existence of the deep layer of 
nuclei. 

Ebner believes the essential elements to consist of two forms— -a superficial layer 
of cylindrical ciliated cells rounded off below, and a deep multiple layer of filiform 
cells with their filaments passing up between the cylindrical cells. 

Lastly, Paul Mover describes it as made of two parts — a deep layer of nuclei, and 
a superficial one of cylindrical ciliated cells tapering off below. 

Tho author's observations have led him to conclusions which, although they are 
essentially different from those of tho authors just alluded to, } r et appear to him to 
reconcile to a great degree their various conflicting descriptions. 

The appearance of this structure differs according to the position in the macula 
of the portion examined. 

A typical portion, such as may be seen midway between the centre and circum- 
ference of the spot, consists of a layer of alternating elongated cells, bordered above 
by a distinct cuticular membrane, and connected below with those nuclei which 
form tho deep layer described by most authors. So that the cellular elements may 
be said to consist of two alternating forms of elongated cells, each having an upper 
and a lower nucleus. The author calls the first the thorn-cells, on account of the 
shape of their cilium, and the second the bristle-cells for a similar reason. 

The thorn-cells have a fusiform body containing an o\al nucleus j from this body 
passes upwards through the cuticular membrane a tapering cilium or thorn ; the 
lower extremity is prolonged downwards, and again expands to enclose its second 
nucleus. 

The bristle-cells have a triangular body containing an oval nucleus ; the base of 
this is intimately connected with the cuticular membrane, and from this base 
passes upwards a narrow bristle-like cilium ; the apex of this triangular body is 
prolonged downwards and lias a second nucleus like its fellow thorn-cell. 

The cuticular membrane is a very thick, well-marked membrane, holding the 
cellular elements in their place, and perforated for the passage of the cilia. This 
membrane is analogous to the membrana reticularis of the organ of Gorti, and 
the author therefore proposes to call it by the same name. 

Modifications of the ■nerve epithelium. — As there is a general increase in thickness 
of the macula from circumference to centre, so the cells and their various parts 
elongate ; the cilia, which are short and stumpy at the edge, become very much 
longer and comparatively finer at the centre of the acoustic spot. At the circum- 
ference the cells pass by insensible gr.idatioiw into the columnar epithelial cells, 
which surround the whole macula. Towards the centre the upper nucleus anu 
surrounding protoplasm of the bristle-cells gradually diminish and then are lost 
altogether, this part of the cell being represented by a trabecula from the mem- 
brana reticularis. Tho bristle-like cilium remains after the upper protoplasmic 
mass lias disappeared ; but eventually this also is lost. 

The termination of the nerves in the macula . — The nerve-fibres arriving at the 
membrana propria lose their white substance, and enter the nerve epithelium 
without' it. After passing this point there is considerable difficulty in tracing tho 
nerve-filaments ; but there is no doubt that they form a plexus around the deeper 
layer of nuclear bodies, and that some of the filaments may be traced directly or 
indirectly into the ciliated cells. 

The otolith mass. — Covering the acoustic spot is a soft mass into which the cilia 
project to a Certain distance ; this is evidently of a cuticular nature, and is analogous 
to the membrana tectoria of the cochlea. The otoliths are fixed by this mass, 
being chiefly contained in its outer portion. 
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On a Microscope adapted for showing the Circulation in the Human Subject, 
By Dr. Urban Pritchard. 


Physiology of the Nervous System of Medusa?. 

By George J. Eomanes, M.A . , F.L.S., Sfc. 

Fundamental Observations . — The author has succeeded in demonstrating the pre- 
sence of a nervous system in Medusa?, the ganglionic element of which appears to 
he localized exclusively in the margin of the swimming-bell. For he found that 
on excising the entire margin of the bell in any species of naked-eyed Medusae the 
swimming motions of the bell instantly ceased and were never again resumed, 
while the severed margin continued its rhythmical contractions for days. With 
the covered-eyed Medusae the case is not quite so definite,* for although the para- 
lysis of the bell, which is here likewise produced by the operation just described, 
is usually complete for a time, it is not always permanent ; but, after periods 
varying from a few seconds to half an hour or more, occasional contractions begin 
to manifest themselves. Moreover, in the case of the covered* eyed Medusae, the 
author found that excision of the litliocysts alone was attended with the same degree 
of paralyzing effect on the hell as was excision of the entire margin ; whereas in 
the case of the naked-eyed Medusae such was not the case. Histological observa- 
tions revealed the presence of ganglion-cells and nerve-fibres in the litliocysts. 

Natural Phythm . — As regards the natural rhythm of the Medusae, it was ob- 
served that its rate lias a tendency to bear an inverse proportion to the size of the 
indhidual; but that on submitting an individual to artificial segmentation, the 
rate of the rhythm exhibited by the various segments showed a tendency, other 
things equal, to vary directly as the size of the segment. 

When forms of mutilation were practised in which the margin of the swimming- 
bell was left intact, it was observea that after a temporary acceleration the rate of 
the rhythm progressively declined, and became stationary at a rate that was slower 
the greater the amount of tissue that had been removed. From these experiments 
the author is inclined to infer that the apparently automatic action on the part of 
the marginal ganglia is really of the nature of a reflex — a constant stimulation being 
presumably supplied by those other parts of the organism the removal of which was 
attended with a retardation of the rhythm. 

The rate of the rhythm is increased by elevations of temperature as far as GO 0 F., 
hut in still wanner water (70°-80°) the rate, after having been temporarily quickened, 
becomes permanently slowed. Diminution of temperature likewise produces a 
retarding effect on tho rhythm, and eventually (20°) altogether stops it. 

Some specimens of Aurelia aurita were frozen solid, so that all their gelatinous 
tissues were pierced through in every direction by an innumerable multitude of 
ice crystals, which had been formed by the freezing, in situ, of the sea- water which 
enters so largely into the composition of these tissues. Yet, on being thawed out, 
the animals recovered, although their original rate of rhythm did not fully return. 
Their tissues then presented a ragged appearance, which was due to the disinte- 
grating effect produced by the formation of the ice crystals. 

The rate of the rhythm is accelerated by oxygen and retarded by carbonic acid. 

Stimulation . — All the contractile tissues of ail the Medusae are keenly sensitive 
to all kinds of stimulation. When a swimming-bell, for instance, is paralyzed by 
excision of its margin, it invariably responds to a single stimulus by once perform- 
ing that movement which it would have performed in response to thfit stimulus 
had it still been in an unmutilated state. To mechanical stimulation the sensitive- 
ness of the paralyzed bells is wonderfully great — a drop of sea- water let fall from 
an inch in height upon the contractile tissuo being sufficient, in some species, to 
elicit a responsive contraction. In their responses to all kinds of chemical stimuli, 
the excitable tissues of the Medusa? conform in every respect to the rules which 
are followed by the nervo-muscular tissues of higher animals. Similarly with 
thermal and electrical stimulation. Light also acts as a powerful and unfailing 
stimulus in the cases of some of tho naked-eyed Medmoc. Sarsia f for instance, 
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almost invariably responds to a single flash by giving one or more contractions. 
On removing the margin such responses cease on the part of the bell, although they 
continue on the part of the severed margin. But on removing the so-called “ eye- 
specks ” from the margin such responses cease; and that these “ eye-specks ” are 
true visual organs is further proved by tho fact that, while unmutilated Sarsice will 
throng into the path of a beam of light, and even follow the beam wherever it is 
moved through the water, Sarsice with their “ eye-specks ” removed will no longer 
do so. Any one of the luminous rays of the spectrum acts a3 a stimulus, but not 
so the rays which lie on either side of the luminous spectrum. 

The period of latent stimulation was determined in the case of Aurelia ctarita 
by employing the induction-shock. It was found to vary greatly, according to the 
temperature at which the tissue was kept. Thus, while in water at 20 u ifr was 
J sec., in water at 70° it was J sec. It was also found to vary greatly under the 
influence of so-called summation of stimuli. Thus, while in water at 45° the latent 
period was £ sec. in the case of the first of a series of stimuli supplied in regular 
succession at two seconds’ interval, it was only £ sec. in the case of the tenth stimulus 
of the series. In every such series of stimuli supplied at short intervals the latent 
period becomes progressively less and less until it attains its minimum , while the 
strength of the contraction becomes progressively greater and greater until it attains 
its maximum , the intensity of the stimulation, of course, remaining constant 
throughout the series. If more than one minute is allowed to elapse between any 
two successive stimuli of a series, this beneficial or arousing effect of summation no 
longer asserts itself ; the tissue has, as it were, forgotten the occurrence of the 
previous stimuli. That the arousing effect in question is due to the occurrence of 
tho successive stimulation s, and not to the occurrence of the successive contractions , 
appears to be indicated by the fact that if induction-shocks be employed which 
are of less than minimal intensity at the commencement of a series, they first become 
of minimal and eventually, at the end of a series, of more than minimal intensity. 
Now, as in this case no contraction occurs in response to the first three or four 
stimuli, it is evident that the summating influence must have reference to the 
process of stimulation as distinguished from that of contraction. Nevertheless, 
that the summating effect is a general one pervading the whole extent of the re- 
sponding tissue, and not confined to the area occupied by the electrodes, is proved 
by the fact that if, during the administration of a series of stimuli, tho electrodes 
he suddenly shifted to another part of tho excitable tissue (perhaps eight or nine 
inches from their previous seat), the 'iiir.iii.!.h:jr effect is resumed from the point at 
which it was left by the previous stimulus. The author further proved by various 
experiments that during the natural swimming motions of the Medusce every con- 
traction exerts a beneficial influence on its successor, which resembles both in kind 
and degree that which is exerted by a contraction due to an artificial stimulus. 

Artificial Rhythm , — When the paralyzed disk oi Aurelia aurita is submitted to strong 
faradaic stimulation, it goes inf o a tolerably well-pronounced tetanus. If the strength 
of the current be now diminished, the tetanus assumes a wild and tumultuous charac- 
ter, somewhat resembling that of a heart under similar circumstances . If the strength 
of tho current he again progressively diminished the character of the tetanus be- 
comes progressively less and less tumultuous, until at last it ceases to be tetanus 
and passes into rhythm. This artificial rhythm is quite as regular and quite as 
sustained as is the natural rhythm of the animal. Its rate varies iu different spe- 
cimens, but usually corresponds with that of rnpid iminii'jr. Progressively di- 
minishing the strength of the faradaic stimulation has tho effect of progressively 
decreasing the rate of the rhythm down to the point at which all response ceases ; 
but betwpen tho slowest rhythm obtainable by minimal stimulation and the most 
rapid rhythm obtainable before the appearance of tetanus there are numerous 
degrees of rate to be observed. The artificial rhythm may be obtained with a 
portion of any size of irritable tissuo, and whether a small or a large piece of the 
latter be included between the electrodes. The persistency of any given rate of 
rhythm under the same strength of current is wonderfully great ; for it generally 
requires more than an hour of continuous faradization before the rhythm begins 
to become irregular, owing to incipient exhaustion. At tirst only one systole is 
omitted at long intervals, but afterwards these omissions become frequent and all 

15* 
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t ho contractions irregular. Finally the contractions altogether cease, but a rest of 
half an hour or an hour restores the irritability. 

The hypothesis by which the author seeks to explain this artificial rhythm (a 
rhythm which, in most cases, is quite as regular as the beating of a heart) is as 
follows : — 

Every time the tissue contracts it must, as a consequence, suffer a certain degree 
of exhaustion, and therefore must become slightly less sensitive to stimulation than 
it was before. After a lime, however, the exhaustion will pass away, and the 
original degree of sensitiveness will thereupon return. Now the intensity of the 
faradaic stimulation, which is alone capable of producing rhythmic response, is 
either minimal, nr but slightly more than minimal, in relation to the sensitiveness 
of the tissue when fresh. Consequently, when the degree of this sensitiveness is 
somewhat lowered by temporary exhaustion, the intensity of the stimulation 
becomes somewhat less than minimal in relation to this lower degree of sensitive- 
ness. The tissue therefore fails to perceive the presenco of the stimulus, and con- 
sequently fails to respond, But so soon as the exhaustion is completely recovered 
from, so soon will the tissue again perceive the presence of the stimulation. It 
will therefore again respond, again become temporarily exhausted, again fail to 
perceive the presence of the stimulation, and therefore again become temporarily 
quiescent. Now it is obvious that if this process occurs once, it may occur an 
indefinite number of times ; and as the conditions of nutrition, as well as those of 
stimulation, remain constant, it is manifest that the responses may thus become 
periodic. 

In order to t this hypothesis the author mule the following experiments. 
Having first noted the rate of the rhythm under faradaic stimulation of minimal 
intensity, without shifting the electrodes or altering the strength of the curront, he 
discarded the faradaic .simulation, and substituted for it single induction-shocks 
thrown in with a key. He found that the maximum number of these single shocks 
which he could thus throw in in a given time, so as to procure a response to every 
shock , corresponded exactly with the number of contractions which the tissue had 
previously given during a similar internal of time when under the influence of the 
faradaic current of similar intensity. For instance, to take a specific case, it was 
found that under the faradaic curront the rate of the rhythm was one in two seconds. 
By now throwing in single shocks of the same intensity, it was found that the 
quickest rate at which thc^e could be thrown in, so ns to procure a response to 

* very shock, was one in two seconds. If thrown in at a slightly quicker rate, every 
now and then, at regular intervals, one of the shocks would fail to elicit a response*. 
The length of these intenals, of course, depended on the rate at which the succes- 
sive shocks were thrown in ; so that, for instance, if they were thrown in at the 
rate of one a second, the tissue would only, but always, respond to every alternate 
shock. 

The following, and somewhat similar, experiment is still more conclusive. As 
uheadi stated, the rate of the artificial rh\ thm under faradaic*, stimulation varies 
with the strength of the faradaic current. Now', by choosing at random any 

* trength of faradaic stimulation between the limits where rhythmic response oc- 
curred, and b\ noting tlio rate of the rhythm under that strength, the author was 
generally able to predirt the precise number of single induction-shocks lie could 
afterwards afford to throw in with the same strength of current, so as to procure a 
response to every shock -this number, of course, corresponding exactly with the 
rate of the rhythm pnwioudv manifested under the faradaic stimulation. 

Other experiments, which do not admit of being briefly detailed, have likewise 
confirmed tne abo\e hypothesis. Upon this hypothesis, therefore, the author lui \ 
c instructed a theory concerning the rhythmic action of organic tissues in general. 
The details of this theory cannot he rendered in the present abstract; but in its 
mrdn outlines it is very simple, viz. that all such rhythmic action is dm* to the 
alternate process of exhaustion and recovery of contractile tissues, which has just 
been explained. Therefore the particular case of rhythmic action of ganglionafed 
tissues is supposed by this theory to be due, not to any special resistance mechanism 
on the part of the ganglionic tissues, but to the primary qualities of the contractile 
tissue?. In other wonts, the function of the ganglia is supposed to be merely that of 
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supplying ft constant stimulation — the rhythm being supposed due to tlic same causes 
ns is the artificial rhythm of Aurelia aurita. From tins it will be seen that the 
essential point of difference between the current theory of rhythm as due to ganglia 
and the theory now proposed consists in this — that whereas botli theories «uppo‘ 3 c 
the accumulation of energy by ganglia to be a continuous process, the resistance 
theory supposes the clinch a rye of this accumulated energy to be intermittent, vvhih* 
the exhaustion theory supposes it to be continuous. According to the foi'mir 
theory, therefore, the rhythm results because the stimulation is periodic; according 
to the latter theory, the rhythm results because the alternate process of exhaustion 
and recovery, or the fall and rise of excitability, is periodic. 

Without waiting to discuss the a priori merits of these rival theories, the author 
proceeded at once to mention some further experiments which wore designed to 
test the new theory, and which have so far confirmed it as to show the causes which 
modify the natural rlivthm of Aurelia likewise modify, in the same ways and 
degrees, the artificial rhythm. 

(«) Other modes of constant stimulation, besides that supplied by faradaic (dec- 
tricity, likewise cause rhythmic action on the part of the degaugliouatod tissues of 
Medusae. For instance, the voltaic current causes this action r ; and dilute 
chemical stimuli tend to produce the same effect. 

( h t) With each increment of temperature the rate of the artificial rhythm in- 
creases suddenly, just as it does in the case of the natural rhythm. Moreover, there 
seems to ho a sort of rough correspondence between the amount of influence that 
any given degree of temperature exerts on the rate of the natural and of the artificial 
rlivthm respectively. Further, it will be remembered that in warm water the 
natural rlivthm, besides being quicker, is not so regular as it is in cold water : thus 
also it is with the artificial rhythm. Lastly, water below 20 3 or above 8*V sus- 
pends the natural rhythm ; and the artificial rhythm L suspciide l at about tlm 
same degrees, 

(r) Carbonic acid retards and eventually suspends the artificial lhuhm, in jiisf 
the same way as this pas acts oil the natural rhythm. 

(d) When the marginal ganglia of Santa are removed, the manubrium shortly 
afterwards relaxes to live or six times its normal length. There can be no doubt 
that this effect is duo to the muscular fibres of the manubrium having been pre- 
viously kept in a state of tonic contraction bv means of a contim. . 
discharge from the margin. Now physiologists are unanimous in . ■■ . . . - 

cular tonus as a kind of gentle tetanus due to a persistent ganglionic stimulation ; 
and against this opinion nothing can he said. Ihit, in accordance vv ith the ac- 
cepted theory of ganglionic action, physiologists further suppose that the only 
reason why some muscles are thrown into a state of tonus by ganglionic stimula- 
tion, while other muscles are thrown into a state of rhvthmic action by the same 
means, is because the reddance to the passage of the stimulation from the ganglion 
to the muscle is less in the former than in the latter case. On the oilier hand, tin* 
new theory of ganglionic action explains the difference by nippouny a different 
degree of irritability on the part of the muscles in the tv, o cases; for it will ho 
remembered that in the author's expeiiments on paralyzed Aunlia< if the continuous 
stimulation were of somewhat more than minimal intensity, tetanus was the result, 
while if such stimulation were but of minimal intensity, the result was rhythmic 
action. Now the author finds in the case of Sarsia that the muscular tissue of the 
manubrium is more excitable than the muscular tissue of the bell ; so that, for this 
and other reasons, the facts here accord more closely with the exhaustion than 
vs ith the resistance theory of ganglionic action. 

Itcflex Action. — The occurrence of reflex action in tho Medusa' is of a very marked 
character. For instance, if the manubrium he irritated, the swimming-organ re- 
sponds to the irritation by giving one or more contractions; but if the marginal 
ganglia be now removed, the svvi mining-organ no longer responds cm en to the most 
violent irritation. Again, in Aurelia , if only one litliocvsl be left in situ, and if, 
during a pause in the activity of the latter, any part of the irritable surface of the 

* Thus far tho results arc strikingly simitar to thrive obtained by Dr. Fonder in th« 
ease of the heart -apex. 
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svviniimng-oi-gj.n be very gently irritated, the resulting contractile wave does not 
start from the immediate seat of irritation, but from the ganglion which still 
remains in situ. 

But this allusion to a u contractile wave ” renders it necessary to 9tate that all the 
contractile motions of the Medusae (whether due to ... /' * 1 or to artificial 

stimulation) may bo seen to bo of the nature of contracuie waves which spread 
from the point of stimulation as from a centre. The rate at which they travel 
varies greatly in different species, and in the same species under different conditions 
of temperature, &c. The author has made an elaborate series of experiments by 
section, with the 'view of ascertaining whether these contractile waves are merely 
muscle- waves or depend for their passage upon the presence of rudimentary nerves. 
He finds that the tissue will endure almost any severity of overlapping sections 
without suffering loss of its physiological continuity — the contractile waves still con- 
tinuing to zigzag hack and fore among the overlapping cuts. Similarly with 
another form of section, which consists in carrying a cut round and round the 
Hwip'Pimj-di-h in the form of a spiral, the Medusoe being thus converted into the 
form of a ribbon. In such a form of section the author has repeatedly seen con- 
tractile waves passing freely from end to end of a ribbon-shaped strip of tissue 
measuring only an inch across and more than a yard in length, ire was therefore 
at first inclined to regard these contractile waves as merely muscle-waves. Never- 
theless there is likewise an important body of evidence to he adduced in favour of 
a nervous plexus. In particular, if the spiral mode of section be carried on suffi- 
ciently far, a point is, sooner or later, sure to come at which the contractile waves 
cease to pass forward : they become blocked at that point, and this always with 
great suddenness. Moreover, the point at which such blocking of the waves takes 
place is extremely variable m different individuals of the same species. Lastly, 
the fact that reflex action has been proved to occur, shows that these excitable 
tissues are pervaded by tracts which present the distinguishing function of nerve, 
viz. the conveying of impressions to a distnuce. And it is of the first importance 
to observe that this function is quite as difficult to destroy by the introduction of 
overlapping or of spiral cuts as is the function on which the passage of contractile 
waves depends. In other words, reflex action continues to take place through 
forms of section as severe as those through which contractile waves continue to 
pass. And this fact the author considers the most important that has as yet been 
brought to light in the whole range of invertebrate physiology ; for lie regards it as 
evidence that in these primitive nervo-muscuhtr tissues the conductile or nervous 
element becomes differentiated from the contractile or muscular element in such 
a way that vicarious action is permitted to take place to any extent among the 
incipient conductile elements. And in striking confirmation of this view another 
senes of observations may here be mentioned. 

Tiaropsis indivans is a bowl-shaped species of naked-eyed Medusa), to which the 
author has assigned this name in reference to a highly interesting function that is 
manifested by its manubiium. This function consists in the organ localizing, with 
the utmost precision, any point of irritation which is situated in the bell. For 
instance, if any point in the irritable surfat e of the bell be pricked with a needle, 
the manubrium moves over towards that point and applies its tapered extremity 
to the exact spot whore the prick has been inflicted. But now, this unerring pre- 
cision with which the manubrium indicates a seat of irritation in tlio bell may be 
completely destroy ed by 1 1 * a short cut between the base of the manubrium 

and the seat of irritation m the bell. The afferent connexions, therefore, on which 
this localizing function depends are thus shown to be exclusively, or almost exclu- 
sively, radial. Lut although under these conditions the manubrium is no longer 
able to localize the seat ot irritation, it nevertheless continues to perceive, so to speak, 
that irritation is being applied somewhere ; for every time the irritation is applied 
the manubrium actively (lodges about from one part of the bell to another, apply- 
ing its extremity now at this place and now at tliat one, as if seeking in vaiu for 
the offending body. Now this fact shows that the stimulus, on reaching the point 
at which the afferent tract is severed, escapes from the severed to the unsevered 
tracts through the vicarious action of the latter. 

There is another point of interest connected with this apparently reflex action. 



TRANSACTIONS OF THE SECTIONS. 


163 


When the author removed the manubrium at its base, he found that on now irri- 
tating any part of its own substance the apex endeavoured to curve down towards 
the seat of irritation. Similarly, if only a portion of the manubrium were removed, 
the pointing action of that portion resembled the pointing action of the entire 
organ, while the stump that remained in situ would continue to move over as far 
as it could towards any point of irritation situated in the bell. Hence there can 
be no doubt that every part of the manubrium is independently endowed with the 
capacity of localizing a seat of irritation either in its own substance or in that of 
the bell. And in this we have a very remarkable fact ; for the localizing function 
which is so very etliciently performed by the manubrium of this Medusa, and which, 
if any thing resembling it occurred in the higher animals, would certainly have 
definite ganglionic centres for its structural correlative), is here shared equally by 
every part of the exceedingly tenuous contractile tissue that forms the outer surface 
of the organ. We have thus in this case a general diffusion of ganglionic function, 
which is coextensive with the contractile tissues of the organ. 

Poisons . — The author has conducted a number of experiments with reference to 
tlio effects of the various nerve- and inuscle-poison3 on the primitive nervo-nmscular 
tissues, lie has tried chloroform^ ether, morphia, caftein, nitrate of amyl, alcohol, 
nicotin, strychnia, veratrium, digitalin, atropia, curare, cyanide of potassium, &c., 
&c., and he finds that in the main all these poisons exert precisely the same effects 
on the Medusae as they do on the higher animals. A vast number of other obser- 
vations were detailed which do not admit of being briefly abstracted. Those who 
are interested in the subject are therefore referred to tho 1 Philosophical Trans- 
actions/ where ft full account of the research is to be found. 


New Researches on the Electrical PJicnomma consequent on Irritation of the 
Leaves of the Fly-trap (Dionrna muscipula). By Prof. Durdon S vxderson, 


F.R.S. 


On the Nervous A pparatus of the Lungs. By Dr. William Sltrlinc. 


An Account of Finger-muscles found, in the Greenland Jliglit Whale. 
By Prof. Strut ukr-l 


An Account of Dissections of the supposed Rudimentary Hind Limb of the 
Greenland Riyht Whale. By Prof. Strut tiers. 


On the Structure of the Placenta in relation to the Theory of Evolution. 
By Prof. W. Turner, F.R.S.E . 


On the Effects of the Mineral Substances in Drinking -Water on the Health of 
the Community . 'By J. A. Wanklyn. 
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ANTHROPOLOGY. 

[For A. Russel Wallace’s Address, see pago 100.] 

On the Oldest Woman in {Scotland. By General Sir J. Alexander. 

On some Phenomena assoeiahd with Abnormal Conditions of Mind* 
By Prof. Barrett, F.11.S.K 


Primitive Agriculture . By A. W. Buokiind. M.AJ. 

Believing the study of Primitive Agriculture to l>e of gieat importance in con- 
nexion with the migrations and social intercourse of races in the prehistoric times, 
1 have endeavoured to show : — 

1st. The antiquity of the art and its bearing upon civilization ; that it could only 
have originated among people having a settled abode, and therefore was probably 
iir*t piactised in a very imperfect state by the women of tin bos left in tents or 's Hinges 
to await the return of hunters — a probability which is strengthened by the fact that 
women are still the sole agriculturists among many semichilized races. 

2ml. That although agriculture may lm\e originated in many lands and at dif- 
fuent times, many peoples )et remain in total ignoiance of it, and the agricultme 
of the lower races consists in the cultivation of indigenous toots and fruit 0 , the 
cultivation of the cereals being confined to civilized races and to those who ha\e 
learnt it thiough contact with them. 

ord. That the origin and native land of all the cereals remains obscure, although 
all, excepting maize, are supposed to bo indigenous in the eastern hemisphere, 
whilst maize is afliimed to be of American origin and to June been unknown 
in the Old World before the time of Columbus. This last assertion I ha\ e ventured 
to dispute, from the fact that travellers have found it in culthation in various paits 
of Asia and A fiica lx* foie an\ intercourse had arisen with white men, mul because it is 
described in the ‘ Niew o Herball ’ published 1578, as Fnnnentum Turcivum or ytsia- 
tieum, 

4th. That there are traces in America, China, and ancient Egypt of a time, 
anterior to the cultivation of cereals, when the aborigines of these countries fed, 
as the Pad tic- islanders do now, upon fruits and roots, some of them poisonous, but 
rendered wholesome by pounding, maceration, and desiccation, and that this primi- 
tive state in these countries is confirmed by the annals of China, by the testimony 
of Herodotus, and by American myths. 

5th. That a similarity in the customs, myths, monuments, and religion* of China, 
Egypt, Peru, and Mexico leads to the conclusion that a cognate pre-An an race 
introduced the culthation of the cereals into all these countries, and with them the 
worship of the Moon as au agricultural deity. 

(5th. That the absence of agricultural implements from prehistoric diseo\ cries 
proves their extreme simplicity, being probably only a pointed stick, which still 
forms the sole agricultural implement in many countries, whilst it is not improbable 
that some of the stone celts were employed as hoes, and that flint flakes inserted 
in wooden frames served then, as they do now in the East, as barrows and threshing 
implements ; and that furrow’s and ridges seem everywhere to have been use d in the 
cultivation of grain, whilst corn -hills seem to be confined to America, although 
used in Africa in the cultivation of mandioca. 

7th. That the traces of primitive agriculture confirm the conclusions of modern 
ethnologists as to the early condition, gradual development, and extensive mi- 
grations of the human race. 


On Bela (ion of Gaelic and English. By Bcv. Mr. (Amkrox. 
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On the Prehistoric Names for Man , Monkey , Lizard, fc. 

By Hyde Clarke, M.A.I. 

The writer first stated that the Australians call the white man Wanda, also a 
word for spirit, demon, or angel. In African languages, Wanduni and Warn are 
names for man : the names for man in African and Central- American languages 
interchanged with those for monkey, lizard, frog ; <»t these numerous examples were 
given. In Assyrian monkey is ki iidumu/’ which Key. W. Houghton compares with the 
Hebrew Adam as related to the anthropoid ape. The Aryan Man and Son are found 
in Africa and the prehistoric world in such relation as all Aryan pro-historic roots 
are. There was no separate creation or development of Aryan roots, though there 
was a selection, and Sanskrit words may bo fo ■ 1; ■ ■_ fi 1 ■’ -a -st savages 

in Africa. This thing is eei tain, that tho Ary, ■ --a. . of blacks, 

as are most of the languages of the world, and the woids supposed to represent an 
Aryan civilization are those of the* culture of the earliest blacks and savages. So, 
too, as to primitive mythology, in the facts above stated will perhaps be found tho 
origin of tolcm worship and of animal ancestors. 


On llittil Khitu, Uaoi'tth , Cantu mite , Lydian , Etruscan, Permian, 
Me.rican, if r. By JIyde Cmkke, M.A.I. 

This paper embraces tbe author's hr ■ i: *f on that family and epoch to 
which he had giv en the name of Sum ero- Perm lan, but to which the title of Ilittite 
had lately been given. Beginning with the Canmnites, the Uittites, See., lie stated 
his invc'-iigalitm- as to tbe decipherment of the Ilittite or Hamath inscriptions 
and the Canaanite terms in the Bible. This part embraced in copious tables the 
parallelism of Canmmite town names recorded in Scripture with those of Asia Minor, 
prc-IIollenic Greece, Etruria, Italy, Iberian Spain (not Basque), Babylonia, India, 
Peru, and Mexico. Applying this • ■ ! ’ .i to support the linguistic, tho com- 

munity of Etruscan with Lydian a' I Hi:: ■■■ -a.-s afiirmed. The earliest culture of 
India was assigned to the same family. Adopting the mass of evidence, the lan- 
guages and culture of tho great kingdoms of America were explained as being of 
a like epoch with the “ Ilittite,” and the phenomena of an anested culture in 
America were accounted for. Thus while there were points of conformity in culture 
and mythology, America never shared in tho highest stages in the Semitic or Aryan 
developments. Traces of the tradition of the former communication with the New 
World were illustrated. 


On a Soul oo Skull, By Prof. Cleland, F.ll.S. 


On the Phoenicians . By C. 0 . Groom Napier. 


On the Natives of British Guiana. By W. Harper. 


On the Eastern Picture -i"ri tiny. By «T, Tark Harrison. 


On the Podiyas of Ceylon. By Bertram F. II.utrsiioRXK. 


On Horned Men of Akkem , in Afrit a. 

By Captain J. S. Hay and Commander Cameron, C.B. 
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On the Laplanders and People of the North of Europe. 
By H. v. Humboldt v. d. Horck. 


The Classification of Arrow-heads. By W. J. Knowles. 

The author objectod to the present classification. One author applies the term 
triangular to a slightly indented type of arrow-head, and indented to a more 
deeply indented type, while another includes under the name triangular both 
triangular and indented arrow-heads, lie also objected to the term leaf-shape, 
as stemmed and indented arrow-heads often closely resemble lea\es. lie suggested 
that u ovate ” for broad and short, and “ lanceolate v for the narrow and elongated 
forms, would be more appropriate type names for the so-called leaf-shape. He also 
objected to arrow-heads with four straight edges but much more elongated at one 
end than the other being classed as lozenge-shaped. This form has often the edges 
of the base arched outwards and those of the point inclining inwards. He would 
include such under the name kite-shape, and apply the term lozcngc-shapcd only to 
those arrow-heads which had four edges of equal length. He would apply the term 
triangular only to arrrow-heads having three straight edges j and indented to those 
which were indented at the base, whether much or little. Those which had a 
central tang or stem, whether barbed or not, he would, to save confusion, include 
under the term stemmed. He considers that this arrangement would retain many 
of the old terms with which we are familiar, and yet considerably improvo matteis. 
Our classification would then be stemmed, indented, triangular, ovate, lanceolate, 
kite-shaped, lozenge-shaped; and if the term loaf-shaped has got too great a hold 
to be given up ho suggests that it could be retained and ovate and lanceolate dropped 
for the present. 


Additional Remarks on the Find of Prehistoric Objects at Portstewart. 

By W. J. Knowles. 

The author referred to the objects (arrow-heads, scrapers, See.) which he had 
found in pits among sandhills at Portstewart, at the time ho brought the matter 
before the Belfast meeting in 1874, and stated that the most remarkable find since 
that time had been about a dozen very small heads of serpentine, concave on one 
side and convex on the other, which probably formed part of a necklace that had been 
lost, or which had been placed in an urn at the time of an interment. They were 
all found within a few yards of the same spot. He also found one of those stones 
known as TiUiuggerdecns or oval tool stones ; and from being found with the flint 
implements, he argued that it belonged to the Stone Age. He also found bones and 
a portion of deer-horn which had lx en deeply cut, and he endeavoured to show, 
from experiments made by himself on a common beef-bone with a flint flake, that 
the cutting had been made by flint tools. 


On Bosjes Skulls. By Dr. Knox. 


On the Origin of Instinct. By ltcv. J. M‘Caxn, D.D. 


On the Gaelic Inhabitants of Scotland. By Hector MacLean. 

The author gave some of the results of his investigations into the non-Aryan 
element of the Gaelic tongue, and argued for the existence in Scotland of one or 
more prc-Keltic races, who were gradually kelticized by the Caledonians and other 
invaders from the east. 
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On the Anglicizing and Gaelicizing of Surnames, By Hector MacLean. 

It was shown that the value of surnames as tests of race, or of the proportion of 
race-elements, in the Scottish Highlands, as well as in Ireland, was much impaired 
by the frequent adoption, both in the middle ages and in recent times, of translated 
or of like-sounding surnames reciprocally by the two races in contact with each 
other in those countries; and numerous examples were given of such changes, e.y. 
Maclan into Johnson, 


Explorations in the Islands of the Coral Sea, By Kerry- Nichorls. 

Notices of New Hebrides , Banks , and Santa- Cruz Islands. 

The natives inhabiting these islands owe their origin to the same stock from 
which the western and southern portion of New Guinea and the islands lying im- 
mediately to the southward of that country appear to have been peopled. This 
stock is evidently Papuan, and has by its numerous and widespreading branches 
not only extended itself over the islands of the Coral Sea, but as far east as the 
Fij is, in which latter country, however, the race has evidently received a strong 
infusion of Malay blood. 

It is probable that the islands were inhabited at a very remote period, but at 
what era population set in, whether at the first instance it was purely accidental 
and subsequently gradual, or whether originally it was undertaken from design and 
accelerated at any particular period by political convulsions, cannot at present bo 
determined, as there is no date on which to rely with coniidence. But whatever 
opinion may bo formed on the identity of the present race, the striking resemblance 
in person, feature, language, and customs which prevails throughout justifies the 
conclusion that the original population issued from the same source, and that tlio 
peculiarities and characteristics which distinguish the tribes or communities on 
different islands have been mainly brought about by long separation, local circum- 
stances, and the intercom se of foreign trades and settlers. 

Physically considered these people are a well-built athletic race of savages, who 
appear to inherit in a very marked degree all the characteristics of the Papuan 
race. The men average about 5 feet 0 inches in height, are erect in figure, with 
broad clients and massive limbs, which in many instances display groat muscular 
development. The colour of the skin is usually of a dark reddish brown, but some- 
times it is quite black, and is often covered with short curly hair, especially about 
the breast, back, and shoulders. They have largo well-formed heads, the facial 
angle is about 40°, while the cranium in the majority of instances betokens a fair 
degree of mental development. The features are usually regular in form, the fore- 
hoad high and massive, with a considerable prominency in the region of the frontal 
bone : the nose is mostly flat, hut in some instances aquiline, the nostrils wide, the 
mouth large and firm ; tho lips well cut and slightly full; the teeth square, strongly 
set and very white and even ; while the eye, large, of a dark brown colour and 
shaded by long lashes, is not too deeply set and is quick and penetrating in its 
glance. 

Tho hair, which forms one of the most remarkable features of this race, is dis- 
tributed thickly over the head in the form of small spiral curls, and when allowed 
to grow in its natural way lias a w T oolly appearance, and resembles at first glance 
that of the African negro ; but it is in reality much finer and softer. The beard, 
which is of tho same crisp curly nature as the hair, is worn short. In the northern 
islands the men go completely naked, but in the southern islands, where the climate 
is slightly cooler, they affect a scant covering about the loins. They are fond of 
decorating tho head with flowers and feathers and of tattooing the face with red 
and blue pigments, which imparts to them a savage and ferocious look. The form 
of tattooing, however, varies much upon different islands, and seems to serve as a 
distinctive mark among the various tribes inhabiting them. On tho island of 
Tana tho natives tattoo each cheek with big patches of red pigment, and wear blue 
itreaks under tho eyes and across the forehead. On the other islands various forms 
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of tattooing prevail ; but in Banks’ group, where there appears to have been at 
some time or other an admixture of Malay blood, a totally different kind of tattoo- 
ing obtains from that of the islands of the southward. Here the bodies, especially 
of the women, are often completely covered with tattoo marks representing lace- 
work of the most artistic design. This style of tattooing is often extended so as 
to cover the body entirely from the feet, over the face, and even to the very roots 
of the hair. This mode of decoration is performed by puncturing the skin with a 
sharp bamboo instrument something like a comb, and then rubbing in a blue liquid 
dye obtained from the juice of a plant common upon the islands. All the islanders 
are very fond of showy ornaments in the shape of necklaces made of beads and 
coloured shells. They have the septum of the nose pierced, as likewise the lobes 
of the ears, into which are thrust all kinds of decorations. The features of the 
women are much flatter than those of the men, and they are in stature considerably 
shorter; there are, however, many marked exceptions to this rule. Their limbs 
are round and well turned, but the long pendulous breasts of the married women 
detract greatly from their otherwise symmetrical proportions. Their only dress is 
a short covering made of the plaited filaments of the plantain-leaf, or simply of 
native grass attached to a cord round the waist ; but this primitive costume varies 
greatly on different islands. I met with two Albinoes, — one a man, on the island of 
Espentu Santo ; the other was a woman, whom I fell in with when crossing the 
island of Vanu Luva. In appearance they were both very ugly ; the latter was 
exceedingly stout, and her skin, of a pinkish-white colour, was speckled all over 
with dark red spots about the size of peas, while she had pink eyes, very weak and 
inflamed, and light sandy-coloured hair. 

All things considered, the physical condition of the islanders does not appear to 
manifest any sign of degeneration. Asa rule the natives inhabiting the various 
islands appear to be healthy and vigorous. The prevailing <1>. hm - are dysentery, 
fever, and ague, chronic rheumatism, scorbutic affections, ophthalmia, and elephan- 
tiasis. They seem to have little or no notion of medical skill, but place great faith 
in charms and incantations for the cure of the diseases from which they suffer. 

In tracing the distribution of the several races inhabiting the Pacific Islands a 
marked difference is observable in the construction and decoration of the various 
implements of w T ar and the canoes employed by the natives on various islands. 
The war implements of the Malays are remarkable for neatness of construction, skil- 
ful carving, and various other artistic decorations ; while their canoes are lightly 
built, tastefully painted, and inlaid with pearl shell about the prow, which is usually 
curiously carved. These canoes are often capable of canwing from fifty to sixty 
men. On the other hand, among the Papuans their war implements are mostly 
very rude in construction, and there is for less of the decorative art displayed in 
their manufacture. Their canoes likewise, although large, can lay no claim to 
artistic design, while on some islands they assume the most primitive form, being 
made simply from huge logs hollowed out by firo. But even the Papuans them- 
selves show a variety of design in the construction of their weapons, and which 
varies upon different islands. On the island of Tana the war- club, a favourite 
weapon, is very heavy, and requires to be wielded with both hands. Many of these 
clubs are highly polished, but the carving about them is of the simplest design. 
On the island of Erromango the spears are made entirely of wood, the points being 
neatly carved and barbed. The natives of this island also use a weapon of oval 
shape, in form not unlike the naddle of a canoe, the edges of which are hardened 
by tire and made very sharp. On the island of Esperitu Santo the spears are usually 
ot* great length, often as much as from 10 to 12 feet; the heads of them are 
made of human thigh-hone, sharply pointed and barbed, while all are poisoned. 
The chiefs of this island, when in full war-costume, wear human jawbones around 
the left wrist, and cany one of these long spears with three prongs to it and sharp 
needle-like points of bone coming a considerable distance down the shaft. These 
spears are highly prized as emblems of chieftainship, and are handed down as heir- 
looms from one chief to another. The bows are olten of great power ; and on the 
Banta-Oruz Islands, where Bishop Patteson and Commodore Goodenough were 
murdered, they are all from 8 to 10 feet long, the arrows being as much as 4 feet 
in length* On all the islands the arrows are tipped with human bone, and are 
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carefully barbed and poisoned, a scratch from one of them being sufficient to cause 
death. 


* On an Urn from Chudleigh , Devon . By W. Pengelly, F.R.S. 

In February 1870, some workmen, digging a pit in a field on the property 
of Mr. W. Brodrick, near Chudleigh, in Devonshire, discovered an urn two feet 
below the surface. The urn was unfortunately broken by the workmen’s tools before 
it was seen ; but Mr. Brodrick, who was immediately called, found its base intact 
and in situ, with fragments of bone and bits of charcoal lying on it undisturbed. 
Efforts were made to preserve the integrity of the bottom, but utterly failed, and 
the urn is now simply a heap of about 70 small fragments. It is obvious, however, 
that its base was ellipsoidal, and measured about 7 X 4‘5 inches. Mr. Franks is of 
opinion that there is no reason to doubt that the urn is Roman, and perhaps made in 
this country. Mr. Busk and Mr. Flower say there is no suspicion of the bones 
being human, but that they think them, without doubt, tlioso of goat or sheep, 
with the possible exception of a fragment of a tibia. 


On Belies of Totem Ism in Scotland in Historic Times . By J. 8. Phen£:. 


On the Arthurian Apple and the Serpent of the Ancients . By J. 8. Phenol 


On Right -handedness. By James Shaw. 


On the Mental Progress of Animals during the Human Period 
By James Shaw. 


On two Shulls from the Andaman Islands , By Dr. Allen Thomson, F.B.S . 


GEOGRAPHY. 

Addrm hy F. J. Evans, C.B., F.R.S . , Captain R.N . , President of the 

Section . 

Two events notable in the annals of Geographical Science have to be recorded 
since the last meeting of the British Association ; and these events, as bearing 
materially on the advancement of our knowledge of geography, are deserving the 
special commendation of this Section. 1 refer to the successful issue of Cameron’s 
lend journey across the tropical regions of Southern Africa, and to the successful 
oomph-lion of the sea voyage of the ‘ Challenger’ — a voyage which in its scope 
included the circumnavigation of the globe, the traversing the several oceans 
between the 50th parallel of North latitude and the antarctic circle, and the 
exploration throughout, by the medium of the sounding-line and dredge, of the 
contour-features, the formation, and the animal life of the great oceanic bed. 
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The general results of the notable African land journey have already, through our 
parent Society in London, been brought largely under public review ; and at our 
present meeting* many details of interest will be placed before you by the intrepid 
traveller himself. The courage, perseverance, and patient attention to the records 
of this long travel have been dwelt on by our highest geographical authorities ; 
and so far it might appear superfluous to join in praise from this chair j neverthe- 
less it is to that part of the proceedings of Cameron, the unvarying attention and 
care he bestowed on instrumental observations in order to give »h- -* j:<‘i ■■ -1 * : ■ 
a secure scientific basis, to which I would direct your attention as being of a high 
order of merit. 

With this example before us, remembering the country and climate in which 
such unremitting labours were carried out, distinction to the future explorer can- 
not rest on the mere rendering of estimated topographical details, but can alone be 
fhlly merited when those details are verified by instrumental observations of an 
order sufficient to place numerically before geographers the physical features and 
characteristics of the explored region. 

Turning now from the results of the land journey of Cameron to those of the sea 
voyage of the ‘ Challenger,’ we are again reminded of the value of repeated and 
methodically arranged instrumental observations in geographical research. With 
our present Knowledge of the sea-hoard regions of the globe, little remains, except 
in polar areas, for the navigator to do in the field of discovery, or even of explo- 
ration, otherwise than in those details rendered necessary by the requirements of 
trade or special industries. It is to the development of the scientific features of 
geography that the attention of voyagers requires to be now mainly directed ; and 
in this there is an illimitable field. The great advance in this direction resulting 
from the two leading events of the past year, to which I have referred, fore- 
shadows the geographical research of the future. 

Communications of special value from some of those voyagers whose good 
fortune it was to leave and return to their native land in the ship 1 Challenger ’ 
will doubtless be made to this and other Sections. I trust nevertheless, as one 
officially interested in the expedition from its inception, and as having in early 
days been engaged in kindred work, and also, as I hope, without being considered 
to have trespassed on the scientific territories of these gentlemen (ground indeed 
so well earned), this meeting will view with indulgence my having selected as 
the leading theme of my address to it a review of that branch of our science now 
commonly known as the “ Physical Geography of the Sea,” combined with such 
suggestive matter as has presented itself to me whilst engaged in following up the 
proceedings of this remarkable voyage. 

It has been well observed that u contact with the ocean has unquestionably 
exercised a beneficial influence on the cultivation of the intellect and formation of 
the character of many nations, on the multiplication of those bonds which should 
unite the whole human race, on the first knowledge of the true form of the earth, 
and on the pursuit of astronomy and of all the mathematical and physical sciences.” 
The subject is thus not an ignoble one ; and, further, it appears to me appropriate, 
assembled as we are in the commercial metropolis of Scotland, from among whose 
citizens some of the most valuable scientific investigations bearing on the art of 
uavigation have proceeded. 

As a prefatory remark, I would observe that the distinctive appellation “ Physical 
Geography of the Sea ” is due to the accomplished geographer Humboldt ; it is 
somewhat indefinite though comprehensive, and implies that branches of science 
not strictly pertaining to geography as commonly understood are invaded. But 
this intrusion or overlapping of scientific boundaries is inevitable with the expan- 
sion of knowledge ; and it is difficult to see how the term con be wisely amended, 
n how the several included branches of physics can be separated from pure 
geographical science. 

We are indebted in our generation to the genius and untiring energy of Maury, 
aided originally by the liberal support of his Government, for placing before us, in 
the twofold interests of science and commerce, an abundant store of observed facts 
in this field, accompanied loo by those broad generalizations which, Written with 
a ready pen and the ferv our of an enthusiast gifted with a poetic temperament, 
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have charmed so many readers, and in their practical bearings have undoubtedly 
advanced the practice of navigation. 

In our admiration, however, of modern progress we must not in justice pass by 
without recognition the labours of earlier workers in the same field. So early as 
the middle of the seventeenth century we find, in Holland, Barnard Vanerius 
describing with commendable accuracy the direction of the greater currents of the 
Atlantic Ocean and their dependence on prevailing winds — the unequal saltness 
of the sea, the diversity of temperature, as the causes of the direction of the winds — 
and also speculating on the depths of the sea. Vanerius’s geographical writings 
were highly appreciated by Newton ; and editions were prepared at Cambridge 
under the supervision of that great man in 1672 and 1681. 

To Dampier, the seaman, and Halley, the philosopher, we owe graphic descrip- 
tions of the trade-winds as derived from personal experience ; while their causes 
were investigated by Hadley, and the conclusion lie arrived at, that they were 
due to the combined effects of the diurnal revolution of the earth on its axis and 
the unequal distribution of heat over different parts of the earth's surface, in 
substance still remains unchallenged. 

To Bennell we owe a masterly investigation of the currents of the Atlantic 
Ocean, an investigation which for precision and a thorough conception of the con- 
ditions affecting the subject will long serve as a model for imitation. His period 
covered some thirty or forty years during the end of the last and the beginning of 
the present century. At that epoch chronometers, though very efficient, had 
scarcely passed the stage of trial, but had nevertheless commended themselves to 
the first navigators of the day, whose aim it was to narrowly watch and test 
this, to them, marvellous acquisition. Bennell thus commanded nautical observa- 
tions of ft high order of merit ; these he individually verified, both for determining 
the ship’s position absolutely and relatively to the course pursued ; and our know- 
ledge of surface-currents was established on the secure basis of differential results 
obtained at short intervals, such as a day or parts of a day, instead of the previous 
rude estimation from a ship’s reckoning extending over a whole voyage, or its * 
greater part. 

At a later date we have, by Redfield, Reed, Thom, and others, solidly practical 
investigations of the gyratory and at the same time bodily progressive movements 
of those fierce and violent storms which, generated in tropical zones, traverse 
extensive districts of the ocean, not unfrequently devastating the narrow belt of 
land comprised in their track, and on the sea baffling all the care and skill of the 
seaman to preserve his ship scathless ; while the clear and elegant exposition by 
Dove of their law and its application „ as one common general principle to the 
ordinary movements of the atmosphere must commend itself as one of the achieve- 
ments of mo lern science. 

While for the moment in the aerial regions, we must not forget the industry 
and scientific penetration of the present excellent secretary of the Scottish 
Meteorological Society. His more recent development of the several areas of 
barometric pressure, both oceanic and continental, bids fair to amend and enlarge 
our conceptions of the circulation of both the aerial and liquid coverings of our 
planet. 

Looking, then, from our immediate stand-point, on the extent of our knowledge 
(as confirmed by observational facts) of the several branches of physics pertaining to 
the geography of the sea, just rapidly reviewed, we find that, resulting from the 
methodical gathering up of “ocean statistics ” by our own and other maritime 
nations, in the manner shadowed forth by Maury and stamped by the Brussels 
Conference of 1853, we are in possession of a goodly array of broad but neverthe- 
less sound results. The average seasonal limits of the trade-winds and monsoons, 
with the areas traversed by -circular storms, are known, also the general linear 
direction and varying rates of motion of the several ocean currents and streams, 
together with the diffused values of air and sea-surface temperatures, the areas of 
uniform barometric pressure, and the prevalent winds, over the navigable parts of 
the globe. 

Tnus far the practical advantages that have accrued to the art of navigation 
(and so directly aiding commerce) by the gradual diffusion of this knowledge, 
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through the medium of graphical rendering on charts and concise textual descrip- 
tions, cannot he overrated ; still much is wanting in fulness and precision of detail 
especially in those distant but limited regions more recently opened out by expand- 
ing trade. Science views, too, with increasing interest these advances in our 
knowledge of ocean physics, as bearing materially on the grand economy of nature : 
essays, brilliant and almost exhaustive on some of its subjects, have been given to 
us by eminent men of our own day ; but here one is reminded, by the diversity in 
the rendering of facts, how much remains to be done in their correlation, and 
what an extensive and still expanding field is before us. 

The dawning efforts of science to pass beyond the immediate practical require- 
ments of the navigator are worthy of note. We find — from an admirable paper 
on the “ Temperatures of the Sea at different Depths,” by Mr. Prestwicli, just 
published in the Philosophical Transactions — that in the middle of last century 
the subject of deep-sea temperatures first began to attract attention, and ther- 
mometers for the purpose were devised ; but it was not till the early part of the 
present century that the curiosity of seamen appears to have been generally 
awakened to know more of the ocean than could bo gleaned on its surface. John 
Ross, when in the Arctic seas in 1818, caught glimpses of animal life at the depth 
of 6000 feet ; other navigator- succeeded in obtaining the temperature of succes- 
sive layers of water to depths exceeding 6000 feet ; but, so far as I can ascertain, 
James Ross was, in 1840, the first to record beyond doubt that bottom had been 
reached, u deeper than did ever plummet sound/’ at 16,060 feet, westward of the 
Gape of Good Hope 

The impetus to deep-sea exploration, however, was given by the demand for 
electrical telegraphic communication between countries severed by the ocean or by 
impracticable land routes ; and the past twenty years marks its steady growth. 
Appliances for reaching the bottom with celerity, for bringing up its water, for 
bringing up its formation, for registering its thermal condition in situ , have 
steadily improved ; and thus the several oceans were examined both over present 
and prospective telegraph-routes. Science, aroused by the consideration that vast 
fields for biological research were opening up —as proved by the returns, prolific 
with living and dead animal matter, rendered by the comparatively puny appliances 
originally used for bringing up the sea-bottom — invoked, as beyond the reach of 
private enterprise, the aid of Government. Wisely, earnestly, and munificently 
was the appeal responded to ; and thus the ‘ Challenger ’ expedition has become 
the Culminating effort of our own day. 

We have now reached, in all probability, a new starting-point in reference to 
many of our conceptions of tlie physics of the globe ; and our own special branch may 
not be the least affected. There is opened up to us, for example, as fair a general 
knowledge of the depression of the bed of large oceanic areas below the sea-level, 
as of the elevation of the lands of adjacent continents above that universal zero-line. 
We learn for the first time by the ‘ Challenger’s ’ results — ably supplemented as 
they have recently been by the action of the II. S. Government in the Pacific, and 
by an admirable series of soundings made in the exploratory German ship of war 
1 Gazelle ’ — that the unbroken range of ocean in the southern hemisphere is much 
shallower thau the northern seas, that it lias no features approaching in character 
those grand abyssal depths of 27,000 and 23,500 feet found respectively in the 
North Pacific and North Atlantic Oceans, as the greatest reliable depths recorded 
do not exceed 17,000 or 1 7,500 feet. 

The general surface of the sea-bed presents in general to the eye, when graphi- 
cally rendered on charts by contour lines of equal ■ .■ ■. extensive plateaux 

varied with the gentlest of undulations. There is diversity of feature in the 
western Pacific Ocean, where, in the large area occupied by the many groups of 
coral islands, their intervening seas are cut up into deep basins or hollows, some 
15,000 some 20,000 feet deep. In the northern oceans one is struck with the fact 
that the profounder depths in the Pacific occupy a relative place in that ocean with 
those found in the Atlantic. Both abyssal areas have this too in common : the 
maximum depths are near tlie land ; the sea-surface temperature has the maximum 
degree of heat in either ocean ; and two of the most remarkable ocean streams 
(Florida-Gulf and Japan) partially encompass them. 
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Jft the Atlantic Ocean, from a high southern latitude a broad channel, with not 
less than some 12,000 to 15,000 foot, can be traced as extending nearly to the 
entrance of Davis Strait; a dividing undulating ridge of far less depression, on 
which stand the islands of Tristan (f Acunlia, St. Helena and Ascension, separates 
this, which mu,, be named the western channel, from a similar one running parallel 
to tho South- African continent, and which extends to the parallel of the British 
Islands. It is possible that certain tidal and, indeed, climatic conditions peculiar 
to tire shores of the North Atlantic may be traced to this bottom conformation, 
which carries its deep, canal-like character into Davis Strait, and between Green- 
land, Iceland, and Spitzbergen, certainly to the 80th parallel. 

There is, however, one great feature common to all oceans, and which may have 
some significance in the consideration of ocean circulation, and as affecting the 
genesis and translation of the great tidal wave and other tidal phenomena, of 
which we know so little — namely, that the fringe of the seaboard of the great con- 
tinents and islands, from the depth of a few hundred feet below the sea-level, is, 
as a rule, abruptly precipitous to depths of 10,000 and 12,000 feet. This grand 
escarpment is typically illustrated at the entrance of the British Channel, where 
the distance between a depth of 000 feet and 12,000 feet is in places only ten 
miles. T . can scarcely realize the stupendous marginal features of this 

common surface-depression. 

Vast in extent as are these depressed regions— for we must recollect that they 
occupy an area three times as great as the dry land of the globe, and that a 
temperature just above the freezing-point of Fahrenheit prevails in the dense liquid 
layers covering them — life is sustained even in the most depressed and coldest 
parts ; while in those areas equivalent in depression below the sea-level to tbe ele- 
vation t *f F ii" ■;■■■»!!! : _ ! ii. ~ Jib \ r *: 1 ■ : 1 Ilf .‘■b > .ii<:.i!..ly prevails; structural 

forms complicated in arrangement, elegant in appearance, and often lively in colour 
clothe extensive districts ; other regions apparently form the sepulchral resting- 
place of organisms which when living existed near the surface, their skeletons, as 
it has been graphically put, thus “ raining down in one continuous shower through 
the intervening miles of sea water.” Geological formations, stamped with tne 
permanency of ages, common to us denizens of the dry land, appear, too, in these 
regions to be in course of evolution ; forces involving the formation of mineral 
concretions on a grand scale are at work ; life is abundant everywhere in the sur- 
face and sub-surface waters of tho oceans ; in fine, life and death, reproduction and 
decay, are active in whatever depths have been attained. 

As a question of - !•;■ 5 • *•./ interest in tho great scheme of nature, the economy 
of Ocean Circulation n.'.< » : as it does the climatic conditions of countries, has 
of late attracted attention. The general facts of this circulation in relation to 
climate have been thus tersely summarized : 11 Cold climates follow polar waters 
towards the equator ; warm climates fallow warm equatorial streams towards the 
poles.” We can 4* appreciate the geniality of our own climate, eepecially on the 
western shores of the kingdom, as compared with the Arctic climate of the shores 
of Lnbni<b'r,-hi:.i - 1 on the same parallels of latitude, or indeed with the vigorous 
wint'T (Fmn:,: <■:' iF adjacent North- American seaboard, even ten degrees further 
to the south. Those, and kindred features in other parts of the globe, have led to 
the summarized generalization I have just referred to; but the rationale of these 
movements of tho waters is by no means assured to us. 

That ocean currents were due primarily to the trade and other prevailing wind#, 
was the received opinion from the earliest investigation made by navigators of the 
constant surface-movement of the sea. Bennelrs views are thus clearly stated : — 
(i The winds are to be regarded as .the prime movers of the currents of the ocean ; 
and of this agency the trade-winds and monsoons have by far the greatest share, 
not only in operating on the larger half of the whole extent of the circumambient 
ocean, but as possessing greater power by their constancy and elevation to generate 
and perpetuate currents “ next to these, in degree, are the moat pre- 
valent winds, such as the westerly winds beyond, or to the north and south of, the 
region of trade winds.” 

Maury, so far as I am aware, was the first to record his dissent from thepe 
generally received views of surface-currents being due to the impulse of tha winds, 
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and assigned to differences of specific gravity, combined with the earth’s rotation 
on its axis, the movement of the Gulf-stream and other well-defined ocean 
currents. 

A writer of the present time, gifted with high inductive v« now - r*. and 
with observed facts before him in wide extension of those investigated oy Rennell, 
regards the various ocean currents as members of one grand system of circulation, 
not produced by the trade-winds alone, nor by the prevailing winds proper alone, 
but by the continued action of all the prevailing winds of the globe regarded as 
one system of circulation ; and, without exception, lie finds the direction. of 
the main currents of the globe to agree exactly with the direction of the prevailing 
winds. 

Another writer of the present day, distinguished for intellectual power, and 
who personally has devoted much time in the acquisition of exact physical facts 
bearing on the question both in the ocean near our own shores and in the Mediter- 
ranean sea, without denying the agency of the winds, so far as surface-drifts are 
concerned, considers that general Ocean Circulation is dependent on thermal agency 
alone, resulting in the movement of a deep stratum of polar waters to the equator, 
and the movement of an upper stratum from the equator towards the poles, the 
u disturbance of hydrostatic equilibrium ” being produced by the increase of density 
occasioned by polar cold ana the reduction of density occasioned by equatorial 
heat — and that polar cold rather than equatorial heat is the primum mobile of the 
circulation. Analogous views had also been entertained by Continental physicists 
from sea-temperature results obtained in Russian and French voyages oi research 
in the early part of this century. 

Wo have here presented to us two distinct conceptions of Ocean Circulation — • 
the one to a great extent confined to the surface ana horizontal in its movements, 
the other, vertical, extending from the ocean surface to its bed, and involving, as a 
consequence, “that every drop of water will thus [except in confined seas] be 
brought up from its greatest depths to the surface.” 

With these several hypotheses before us, it may be fairly considered that the 
problem of “ Ocean Circulation ” is still unsolved. Possibly, too, the real solution 
may require the consideration of physical causes beyond those which have been 
hitherto accepted. In attempting the solution, it appears to me impossible to deny 
that the agency of the winds is most active in bringing about great movements of 
the surface-waters, the effects of the opposite monsoons in the India and China 
seas furnishing corroborative proof. Again, the remarkable thermal condition of 
the lower stratum of the water in enclosed seas, as the Mediterranean, and in those 
basin-like areas of the Western Pacific cut off by encircling submarine ridges from 
the sources of polar supplies, combined with the equally remarkable condition of 
cold water from a polar source flowing side by side or interlacing with warm water 
from equatorial regions, as in the action of the Labrador and Gulf-streams, points 
to the hypothesis of a vertical circulation as also commanding respect. 

The time may be considered, however, to have now arrived for gathering up the 
many threads of information at our disposal, and by fresh combinations to enlarge 
at least our conceptions, even if we fail in satisfying all the conditions of solution. 
To this task I will briefly address myself. 

A grand feature in terrestrial physics, and one which I apprehend bears directly 
on the subject before us,, is that producing ice-movcment in the Antarctic seas. 
We know from the experience gained in ships (which, to shorten the passages to and 
from this country, Australia, and New Zealand, have followed the great-circle route, 
and thus attained high southern latitudes) that vast tracts of ice from time to time 
become disrupted from the fringe of southern lands. Reliable accounts have reached 
us of vessels frequently running down several degrees of longitude sadly hampered 
by meeting islands of ice, and especially of one ship being constantly surrounded 
with icebergs in the corresponding latitudes to those of London and Liverpool, 
extending nearly the whole aistanco between the meridians of New Zealand and 
Cape Horn ; indeed, accumulated records point to the conclusion that, on the whole 
circumference of the globe south of the 50th parallel, icebergs, scattered more or 
less, may be constantly fallen in with during the southern summer. 

The Antarctic voyages of D’Urville, Wilkes, and James IIoss assure us of the 
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origin and character of these ice-masses which dot the southern seas. Each of 
these voyagers was opposed in his progress southward (D’Urville and Wilkes 
on the G5th parallel, Ross on the 77tn) by barrier-cliffs of ice. Ross traced this 
barrier 250 jniles in one unbroken line ; he describes it as one continuous peraen- 
dicular wall of ice, 200 to 100 feet high above the sea, with an unvarying level 
outline, and probably more than 1000 feet thick — “ a mighty and wonderful ooject.” 
Ross did not consider this ice-barrier as resting on the ground ; for there were 
soundings in 2500 feet a few miles from the cliffs ; Wilkes also sounded in over 
5000 feet only a short distance from the barrier. 

There is singular accord in the descriptive accounts by Wilkes and Ross of this 
ice-region; they both dwell on the differences in character of Antarctic from 
Arctic ice-formation, on the tabular form of the upper surface of the floating ice- 
bergs and their striated appearance, on the extreme severity of the climate in 
mid-summer, on the low barometric pressure experienced, and express equal 
wonderment at the stupendous forces necessary to break away the face of these vast 
ice harriers, and the atmospheric causes necessary for their reproduction. 

From the drift of this disrupted ice we have fair evidence of a great bodily move- 
ment of the waters northward ; for it must be remembered that icebergs have been 
fallen in with in the entire circumference of the southern seas, and that they 
are pushed in the South Atlantic Ocean as far as the 40th parallel of latitude, in 
the South Indian to the 45th parallel, and in the South Pacific to the 50th 
parallel. 

In the discussion of Ocean Circulation, it has been assumed that water flows 
from Equatorial into Antarctic areas ; there is no evidence, so far as I am aware, 
that warm surface-water in the sense implied is found south of the 45th parallel. 
Surface stream movement northward and eastward appears to ho that generally 
experienced in the zone between the Antarctic circle ana that parallel. With, then, 
this great bodily movement northward of Antarctic waters included certainly 
between the surface and the base, or nearly so, of these tabular icebergs (and thus 
representing a stratum certainly some thousand feet in thickness), the question 
arises, How and whence does the supply come to fill the created void P Sir 
Wyvillo Thomson, the leader of the ‘ Challenger ’ scientific staff, in one of the 
later of the many able reports he has forwarded to the Admiralty, furnishes, I 
think, a reasonable answer. Stating first his views as derived from study of the 
bottom-temperature of the Pacific Ocean generally, he writes : — u We can scarcely 
doubt that, like the similar mass of cold bottom-water in the Atlantic, the bottom- 
water of the Pacific is an extremely slow indraught from the Southern Sea.” He 
then gives the reason, u I am every day more fully satisfied that this influx of cold 
water into the Pacific and Atlantic Oceans from the southward is to be referred to 
the simplest and most obvious of all causes, the excess of evaporation over precipi- 
tation of the land-hemisphere, and the excess of precipitation over evaporation in 
the middle and southern parts of the water-hemisphere.” 

Before following up the great northward movement of Antarctic waters, I would 
draw attention to a physical feature in connexion with tidal movements, which 
possibly may be one of the many links in the chain of causes affecting Ocean 
Circulation. The mean tide-level (or that imaginary point equidistant from the 
high- and low-water marks as observed throughout a whole lunation) has been 
assumed as an invariable quantity ; our Ordnance Survey adopts it as the zero 
from which all elevations are given, the datum level for Great Britain being the level 
of moan tide at Liverpool. For practical purposes, at least on our own shores, 
this mean sea-level may be considered invariable, although recent investigations 
of the tides at Liverpool and Ramsgate indicate changes m it to the extent of a 
few inches, which changes are embraced in an annual period, attaining the 
maximum height in the later months of the year: these have been jissumed as 
possibly due to meteorological rather than to the astronomical causes involved by 
tidal theory. 

From an examination of some tidal observations recently made near the mouth 
of Swan River, in Western Australia, during the progress of the Admiralty survey 
of that coast, there appears to me evidence that in this locality — open, it will be 
remembered, to the wide southern seas— the sea-level varies appreciably during 
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the year : thus the greatest daily tidal range in any month very rarely exceeds 8 
feet i hut the high- and low- water marks range during the year o feet. The higher 
level is attained in Juju 1 , and exceeds the lower level, which is reached in 
November, by one foot or more. At Esquimalt in Vancouver Maud, fairly open to 
the North Pacific Ocean, there are indications of the sea-level being higher in 
January than it is in June ; and a distinct excess of the mean level of the tide by 
Several inches in December and January, as compared with the summer months, 
Was traced by the late Captain Beechey, R.N., at Holyhead (see Phil. Trans. 1848). 
If this surface-oscillation is a general oceanic feature (and some further proof? in- 
directly appear in the Reports of the Tidal Committee to this Association for 1868, 
1870, 1872, to which I have just referred ; for mention is also made of a large annual 
tide of over three inches, reaching its maximum in August, having been observed 
at Cat Island, in the Gulf of Mexico), we may have to recognize this physical 
condition — that the waters of the southern hemisphere attain a high level at the 
period of the year when the sun is to the north of the equator, and that the 
northern waters are highest at the period when the sun is to the south of the 
equator. This is a question of so much interest that I propose again to revert to it. 

Variations in the sea-level have been observed, notably in the central parts of 
the Red Sea, where the surface-water, as shown by the exposure of coral reefs, is 
said to be fully two feet lower in the summer months than in the opposite season j 
these differences of level are commonly assigned to the action of the winds. 

Rennell, in his In\o<tiga1ion of the Currents of the Atlantic Ocean, states, on 
what would appear reliable authority, that on the African Guinea coast the level 
of the sea is higher by at least six feet perpendicular in the season of the strong 
S.W, and southerly winds (which winds blow obliquely into the Bay of Benin 
between April and September, the rainy season also) than during the more serene 
weather oi the opposite season — the proof being that the tides ebb and flow 
regularly in the several rivers during the per ’ " - 1 ■ . °\W. winds, but that in 
the other season the same rivers run ebb - ■ * v, level of the sea being 
then too low to allow the tide-waters to enter the mouths of the rivers. It is 
possible that the cause, here and elsewhere, may in part he cosmical, and neither 
meteorological nor astronomical in a tidal sense. 

These several facts in relation to the variations in level of the surface of the 
ocean are interesting, and point to new fields of observation and research. 

Another physical feature connected with the ocean-level is deserving considera- 
tion ; I refer to the effect of the pressure of the atmosphere. On good authority 
we know that the height of high water in the English Channel varies inversely as 
the height of the barometer; the late Sir John Lubbock laid it down as a rule 
that a rise of one inch in the barometer causes a depression in the height of high 
water amounting to seven inches at London and to eleven inches at Liverpool. 
Sir James Ross, when at Port Leopold in the Arctic seas, found that a difference of 
pressure of *668 of an inch in the barometer produced a difference of 9 inches in 
the mean level of the sea, the greatest pressure corresponding to the lowest level. 
These results appeared to him to indicate “ that the ocean is a water-barometer on 
a vast scale of magnificence, and that the level of its surface is disturbed by every 
variation of atmospheric pressure inversely as the mercury in the barometer, ancl 
exactly in the ratio of the relative specific gravities of the water and the mercury.” 
When we consider the oxm ptionallv low barometric pressure prevailing in the 
southern seas, and the compiinilivolv low pressure of the equatorial ocean-zones 
as compared with the areas of high pressure in the oceans north and south of the 
equator (the latter features a late aevelopment by Mr. Buchan), these characteristic 
conditions of atmospheric pressures cannot exist without presumably affecting the 
surface-conditions of adjacent waters. 

There is# yet one more point in connexion with the ocean-circulation which I 
venture to think has not received the attention it demands ; this is, the economy of 
those currents known as “ counter-equatorial.” Their limits are now fairly ascer- 
tained, and are found to be confined to a narrow rone : ihev run in a direction 
directly opposite to, and yet side by side with, the equatorial' streams of both the 
Atlantic and Pacific oceans. We know that tnev run at times with great velocity 
(the i Challenger , experienced fifty miles in a day in the Pacific Ocean), and occasion- 
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&lly ill the face of the trade-wind — and that they are not merely local, stretching 
as they do across the wide extent of the Pacific, and in the Atlantic, during the 
summer months of our hemisphere, extending nearly across from the Guinea coast 
to the West-India Islands. They have, too, this significant feature, that their narrow 
zone is confined to the northern side alone of the giviit w e-l-goiiur equatorial currents j 
this Uone is approximately between the parallels of 7° and HP A., and thus cor- 
responds with the belt of greatest atmospherical heat on the earth’s surface. 

That the functions of the countercurrents in the physics of the ocean are im- 
portant, must, I think, he conceded. They appear to act on their eastern limits ag 
feeders to the equatorial currents, and, from the seasonal expansion, which has 
been well traced in the Atlantic, are probably more immediately associated with 
some oscillatory movement of the waters following, though perhaps only remotely 
connected with, the sun’s movements in declination. 

A brief summary of the thermal conditions of the oceanic basins will now enable 
us to review the salient features of Ocean Circulation, and the more immediate 
scientific position the question has assumed. 

In all seas within the torrid and temperate zones, provided any given area is not 
cut off by submarine barriers from a supply of polar or glacial water, the sea-bed 
is covered by a thick stratum of water the temperature of which is confined 
between 32° and 35° F. In the Pacific Ocean this cold stratum must be derived 
from antarctic sources, for the opening of Behring Strait is too small to admit of 
an appreciable efflux of arctic waters. In this ocean the cold stratum obtains 
generally at depths below 9000 feet from the surface, with an almost invariable 
isothermal line of 40° F. at from 2500 to 3000 feet from the surface. Similarly, 
in the Indian-Ocean basin the cold stratum at the bottom is derived from 
antarctic sources ; for the temperature of 33°*5 F. underlies the hot surface-waters 
of the Arabian Gulf. 

In the South Atlantic, antarctic waters, with a bottom-temperature of 31° to 
33° *5 F., certainly cross the equator: the bed of the North- Atlantic basin then 
warms up to 35° ; marked diversities in both the temperatures and thickness of 
the successive layers of water from the surface downwards are found ; and in the 
central parts of the basin it is not until the vicinity of the Faroe Islands is reached 
that arctic waters of an equivalent temperature to those from antarctic sources 
are experienced. 

Turning now to the scientific aspect of the question : — 

The doctrine of a general Oceanic Thermal Circulation assumes two general pro- 
positions : — 1, the existence of a deep under-flow of glacial water from each pole to 
the equator ; and, 2, the movement of the upper stratum of oceanic water from the 
equatorial region towards each pole, as the necessary complement of the deep polar 
under-flow — this double movement being dependent “upon the disturbance of 
hydrostatic equilibrium, constantly maintained by polar cold and equatorial 
heat.” 

Proposition 2, in its general application as to the movement of surface-waters, 
is unquestionable ; but that of a deep under-flow from the poles, as a necessary 
complement, remains open to doubt. Proposition 1, in its v ‘ : . ■ ■■■ mu#t, 

from what we know of the Pacific, be confined to the < ».* : and it 

appears to me that it is on the interpretation of the movement of the waters in its 
northern basin that the hypothesis of a vertical circulation, and the potency of 
thermal agency in bringing it about, must be judged. 

We have followed the movements of antarctic waters in the Atlantic to the 
40th parallel, as illustrated by the progress of icebergs ; we know that the move- 
ment deflects the strong Agulhas current, and that the cold waters well up on the 
western shore of the South-African continent, cooling the equatorial current near 
its presumed source ; the thrusting power of this body of water is therefore great. 
About the equator it rises comparatively near to the surface. But we now come 
to another and distinct movement, the equatorial current ; and on this, T appre- 
hend, the material agency of the winds cannot be denied, in forcing an enormous 
mass of surface-water from east to west across the ocean. The Gulf-stream re- 
sults ; and the comparative powers of this stream, as especially influencing the 
climate of our own and neighbouring countries, together with the force# tot tvoijt 
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to propel its warm waters across the Atlantic, have become the controversial, field 
for the upholders of horizontal and vertical circulation. The one hypothesis as- 
signs to the Gulf-stream all the beneficent power of its genial warmth, extend- 
ing even 1 ■ North Cape of Europe, which has been conceded to it from 

the time i l 1 . The other hypothesis reduces its capacity and power, con- 

siders that it is disintegrated in mid-Atlantic, and that the modified climate we 
enjoy is brought by prevailing winds from the warm area surrounding the stream ; 
and to this has been more recently added, “ by the heating-power of a warm sub- 
surface stratum, whose slow northward movement arises from a constantly re- 
newed disturbance of thermal equilibrium between the polar and equatorial portions 
of the oceanic area.” 

Without denying the active power of this disturbed thermal equilibrium — 
although in this special case it is an abstraction difficult to follow — and giving due 
weight to the many cogent facts which have been brought forward in support of 
both views, there appears to be still a connecting link or links wanting to account 
for the southern movements of arctic waters ; which movements, to me, are even 
more remarkable as physical phenomena than the translation of the warm waters 
from the Gulf-stream area to a high northern latitude. 

This movement of arctic waters is forcibly illustrated by the winter drifts down 
Davis Strait of the ships 6 Resolute,’ ( Fox/ * Advance,’ and a part of the crew of 
the ‘ Polaris/ when enclosed in pack ice, exceeding in some cases a thousand miles; 
similarly by the winter drift of a part of the German expedition of 1870, down the 
east side of Greenland, from the latitude of 72° to Cape Farewell. If to these ex- 
amples we add the experience of Parry in his memorable attempt to reach the 
North Pole from Spitz bergen in the summer of 1827, it must be inferred that a 
perennial flow of surface-water from the polar area into the Atlantic obtains, and, 
judging from the strength of the winter northerly winds, that the outflow is pro- 
bably at its maximum strength in the early months of the year. 

When wo further know that the northern movement of warm waters gives in 
tvinter a large accession of temperature to the west coast of Scotland, to the Faroe 
islands, and, extending to the coasts of Norway, as far as the North Cape, the con- 
sideration arises whether this onward movement of waters from southern sources 
is not the immediate cause of displacement of the water in the polar area and its 
forced return along the channels indicated by those winter drifts to which I have 
referred. 

That some unlooked-for and unsuspected cause is ih ■ ■■ ,ti i-gent in forcing 

southern waters into the Atlantic polar basin has long - -T on my convic- 

tion ; and I now suspect it is to the cause producing the annual variations in the 
sea-level (for, as I have mentioned, indications exist of the seas of the northern 
hemisphere having a higher level in winter than in summer) that we must direct 
our attention before the full solution of Ocean Circulation is accepted. 

The facts of the annual changes of sea-level, whatever they may ultimately prove, 
have hitherto ranged themselves as a part of tidal action, and so escaped general 
attention. Physicists -well know the complication of tidal phenomena, and, if one 
may be permitted to say, the imperfection of our tidal theory ; certain it is that 
the tides on the European coasts of the Atlantic are so far abnormal, that one of 
our best authorities on the subject (Sir William Thomson) describes them (in re- 
lation, 1 assume, to tidal theory) as “ irregularly simple,” while the tides in all 
other seas u are comparatively complicated, but regular and explicable.” However 
this may be, specialists should direct their attention to the disentanglement of the 
variations in the sea-level from tidal action simple ; and our colonies, especially 
those in the southern hemisphere, would be excellent fields for the gathering-in of 
reliable observations. 

I am unwilling to leave the subject without tracing some of the coiim qiicncos 
that might be fairly considered to follow this assumed change of level in the 
North-Atlantic basm. We can by it conceive the gradual vrorking-up of the 
warmed water from southern sources as the winter season approaches, including : — 
the expansion of the Gulf-stream in the autumn months ; the consequent welling- 
up of a head of water in the enclosed and comparatively limited area northward of 
Spitsbergen, Greenland, and the broken land westward of Smith Sound; the 
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forced return of these glacial waters, their greatest volume seeking the most direct 
course, and thus working down the Labrador coast charged with ice and passing 
the American coast inside the Gulf-stream ; while the smaller volume, reaching 
the higher latitudes in mid-Atlantic, interlaces with the warm barrier waters, 
causing those alternating bands of cold and warm areas familiar to us from the 
i Lightning ’ and 1 Porcupine ’ observations, and which are now being worked out 
by the Norwegian exploring expedition in the Government ship 1 Voringen.’ 

We can further conceive that the larger function of the “ countercurrents ” on 
the north margin of the great equatorial streams is to act as conduits for the sur- 
charged waters of the northern oceans consequent on the gradual changes of level. 
The Atlantic countercurrent, we know, expands markedly in the autumnal season ; 
and there may be some connexion between this expansion and the high level of the 
waters said to exist in the Gold-Coast and Guinea hijn.- tit ih<‘ same season. 

We are thus, as it appears to me, now only on ili< ihrc'liuM of a large field of 
inquiry bearing on the Physical Geography of the Sea ; but wo have this advan- 
tage : the admirable discussions which have taken place in the past few years, 
productive as they have been of the marshalling hosts of valuable facts, will lighten 
the labours of those who engage in the prosecution. Science is deeply indebted to, 
and, I am sure, honours, those who have so earnestly worked on the opening pages 
of the coming chapter on Ocean Circulation. 

Unwillingly I turn from this interesting subject ; but the demands on my time 
and your patienco are imperative, as, following precedent, it is incumbent on mo 
briefly to bring under the review of the Association the latest unrecorded incidents 
in geographical progress or research. 

There is one absorbing topic which, in the course of a few weeks, or even days, 
may attract general interest. 4 1 refer to accounts of our Arctic Expedition. It is 
possible that, while I am now juhliV'M.ig you, the ships 1 Alert 1 and 1 Discovery/ 
favoured by fine seasons, may have, in their endeavours to reach high northern 
latitudes, accomplished all that human skill and energy can do, and, by fortuitous 
circumstances, secured their return southward through Smith Sound, with the same 
facility, we have reason to hope, as they entered what we suppose to be that 
notabie gateway to the Pole. If so, they are now fairly in Davis Strait, homeward 
bound. We must not regard this estimate of progress as visionary ; for, the con- 
ditions being favourable, the time at the disposal of the voyagers is ample. It is 
the varying conditions of arctic seasons, we must remember, that baffle the fore- 
casts of the most experienced arctic experts. 

Should unfavourable conditions, or the decision of the Chief, detain the ships 
another year in their icy quarters, we have reason to hope that advices will reach 
us of their whereabouts in the spring of this year. The spirited enterprise of the 
well-trained arctic navigator, Allan Young, supported as he has been by the 
Government, offers a sure guarantee that the leaders Nares and Stephenson will 
be ably seconded in their efforts to keep up communication with their countrymen. 
Here again wo must not forget that baffling conditions may defeat the intentions 
of the commanders to communicate in time with the dep6ts at the portals of 
Smith Sound. 

This prolonged banishment from intercourse with the outer world, however, was 
a contingency anticipated and provided for by that able Committee of arctic 
officers who, with a full sense of their responsibility, so fully advised the Govern- 
ment in every phase of this national undertaking. A Parliamentary paper, pub- 
lished during this session, gives the fiille-l particulars relating to the j ■ 
the expedition and the steps which have been taken to communicate v ■ ii 
dep6ts. There is a long chain of contingencies to be attended to, as will be seen 
on reference to the interesting details therein given ; but I venture. to think that 
not a link is missing, either in the conception or in the means provided, to bring 
the undertaking to a successful issue. 

There is one feature to be kept in view — which from the exceptional conditions 
of ship-navigation in the icy regions of the far north is rarely realized, unless by 
those who have had actual experience in polar service ; and it is this, that between 
the time of the disruption of the old ice in August and the formation of the new 
in September, there exists a very short period when ships are free to move. This 
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period of open or partially open water may be shortened by unfavourable circum- 
pances. and vice versd ; it may be assumed, however, that in a straight fairway 
channel such as Smith Sound, it almost always does occur ; and as the return 
southward, on account of the drift, is always more easily accomplished than the 
advance north, the great probability is that, if the ships remain out another year, 
it will be the result of design rather than accident. 

By the Parliamentary papers relating to the expedition it will he seen that, in 
the event of the non-arrival of the f Alert’ and ‘ Discovery 1 during the autumn 
of this year, a relief ship will be despatched to a rendezvous m Smith Sound during 
the summer of 1877. 

With regard to Africa , exploration and discovery have proceeded with accele- 
rated strides during the past few years. Even since the recent date of Cameron’s 
remarkable journey across the continent, important additions have been made to 
the ij> map of the interior. Most of these additions relate to the 

great lakes, regarding which our knowledge was previously very incomplete and 
unsatisfactory. Thus Mr. Young, the experienced Zambesi traveller, who under- 
took last year to lead the Scotch Missionary party to Lake Nyassa, has succeeded, 
after establishing the missionary settlement “Livingstonia” at the southern end 
of the lake, in reaching in a steam-launch the northern end of this great fresh- 
water sea, finding it to be fully one hundred miles longer than was previously 
believed. Ilis journey was made in February of the present year; and in the 
following montli the still more imperfectly known lake, Albert Nyanza, was suc- 
cessfully navigated by two boats under Signor Gessi, who was despatched for this 
purpose by Colonel Gordon, the present Governor of the new equatorial province 
of the Khedive’s dominions. The details of Signor Gessis interesting exploration, 
communicated by himself to the President of the. Royal Geographical Society, 
have only recently reached England; and it is proposed to read them in the course 
of the present meeting. 

A third and equally important exploration of the same class is that performed 
during the same early "months of the present year by that energetic traveller Mr. 
Stanley. After (‘iivumiia\igariiiu r the much larger neighbouring lake, Victoria, 
and proving Speke’s much-disputed estimate of its dimensions to be approximati It 
correct, he pushed his way across the difficult tract of country -•■k-.iiili iiitr ll.e 
Victoria ana the Albert lakes, reaching the shores of the latter m tlie middle of 
January. Less fortunately .situated than Signor Gessi, who embarked on the lake 
two months later, Stanley was unable to launch his boat on the then unexplored 
southern portions of its waters. A comparison of the accounts of the two travellers 
shows that we are yet far from knowing the true dimensions of this great sheet of 
water. Signor Gessi in fact did not reach its southern extremity; and as Mr. 
Stanley appears to have struck its shores at a point about thirty miles further 
south than the limits marked by the Italian traveller, the lake must be considerably 
longer than 140 miles, as estimated by the latter. Stanley subsequently proceeded 
south and explored the Kitangule river of Speke, thence striking for Lake Tan- 
ganyika, the examination of which he intended to complete. 

l)ew Guinea has of late attracted some attention both at home and in the 
Australian Colonies ; rather, however, from political than geographical considera- 
tions. Our interest is of course in the latter ; and 1 am glad the meeting will 
have the advantage of the presence of a gentleman (Mr. Octavius Stone, recently 
arrived in England) who has distinguished himself in the exploration of the 
south-eastern shores of this distant, little-known, and barbarous region; to him 
we must refer for the latest facts. 

With your permission we will' now enter on the subject-matter before the 
Meeting. 
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On a new Route to the Sources of the Niger. By A. Bowden. 


On the Specific Gravity of the Surface-water of the Ocean , as observed during 
the Cruise of H.M.S. 4 Challenger By J. Y. Buchanan. 


On a mw Deep-sea Thermometer. By J. Y. Buchanan. 


On his Journey through E j" a tonal Africa . 

By Commander V. I.. Camimiov, M.N . , (7.2L 

The author said that soon after entering the country from the east coast he came 
to a large plateau, 4000 feet in height, encircling Lake Tanganyika, and forming 
the watershed between the Congo and the streams flowing into Lake Saugora. 
Another tableland to the south rose to the height of 3000 feet. The watershed 
between the two basins of the Lualaba and the Congo at that part is a large, 
nearly level country, and during the rainy season the floods cover the ground 
between the two rivers, and a great portion of it might easily be made navigable. 
One thing he noticed in Africa was this system of watersheds, dividing the 
country into portions, each having its own peculiarity, and also that in each there 
was a difference in the habits of the natives. Within twenty days lie crossed the 
Nsagra Mountains and came upon a level open country where a great quantity 
of African com was grown, the stalks of which rose to the height of from 20 to 
24 feet. In this country no animal could live except the goat, the tsetse fly being 
destructive to all others. The principal geological formation was sandstone. A 
few marches brought him to Ugogo, an extensive plain broken by two ranges of 
hills, composed of loose masses of granite piled together in the wildest confusion. 
The soil was sandy and sterile. Coming to the country of the Ugari he found a 
tribe almost identical with Unyamwesi. The principal streams of this district fall 
into the Mulgarazi. Unyamwesi was the commencement of the basin of the Congo. 
He believed that the natives of Unyamwesi were of the Malay race ; they Lad crossed 
a great deal with negroes, and haa lost the distinctive colour and distinctive marks 
of the race, but their features were much the same as the dominant races in Mada- 
gascar. Ugaro is a large plain very nearly quite flat. The people here were 
different from the Unyamwesians ; they had not got the same features or the 
same tribal marks. After passing over the mountains of Komendi, which are an off- 
shoot of the mountains round the south end of Tanganyika, they came to a fertile 
land, much of it laid waste by the ravages of a neighbouring tribe. All the moun- 
tains in that district were of granite. " There was there a large quantity of salt, 
and what was remarkable was that the rivers ran perfectly fresh through soil 
which, when the natives dug wells, gave water which was full of salt. At Ujiji 
the people are of a different race from those already described, as they shave their 
hair differently and have not the same features. Along Lake Tanganyika in some 
places there were enormous cliffs and hollows of rugged granite lying in loose 
boulders ; in other places the cliffs were of red sandstone, and in others a sort of 
limestone and dolomite. At one place he saw exposed on the shores of the lake 
large masses of coal. Passing down to the south end of the lake, he found it 
regularly embedded in cliffs 500 to 600 feet high, with waterfalls il.-cii urging 
themselves down the face. 

Travelling along the side of the lake he came to the Lukogo, a large river more 
than a mile wide, but partly closed by a sort of sill on which a floating vegetation 
was growing, a clear passage, however, being left of about 800 yards. After pro- 
ceeding some four miles up the river, the author’s boat got jammed amongst the 
floating vegetation which grows to the thickness of two or three feet, and it Was 
with difficulty the boat was extricated. The Kasongo country was next reached, 
the principal* characteristic of which was the extraordinary trees, of which boats 
a fathom wide are sometimes made. Crossing the mountains of Bambara he 
arrived at Mamyuemba. Here he found the race entirely different from any thing 
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lie had yet seed, The houses wore differently built, tlio people were differently 
armed, dressed their head differently, and there' was no tattooing to speak of. Thl> 
villages were built in long streets thirty or forty yards wide, two or three streets 
being alongside each other, and a space left between the houses, which were of 
reddish clay, with sloping thatched roof— the only houses of that description he saw 
in the interior of the country. All the Mnmi - are cannibals. Journeying 

northwards, but still in Mamyuemba, a > 1 :-*. via- *. cached where iron was very 
plentiful, and where large forges were at work. Many of the spears and knives 
which they turned out looked as if finished off by a file or polished by some means, 
although all done by hand -forging and patient labour. The Lualaba River was 
next reached, which is about 1800 yards in breadth. The southern shore is occu- 
pied by a tribe called the Wagenga, who do the whole carrying business of the 
river, being the only canoe proprietors, who take for pay the products of the 
country to the different markets. The young women malfe immense quantities of 
pottery in the mud and back water, which they exchange for fish. 

After referring to a country between Nywangi and Loami, where a palm-oil grows 
in great profusion, the author said that he traversed Kilemha, and reached Lake 
Kigongo. This lake is covered with floating vegetation, on which the people 
build their houses, cut a space round about them, and so transform their habita- 
tions into floating islands, so that when desirable they change the locality from 
one place to another. Coming to the coast he passed through one of the most 
magnificent countries in the world to look at, possessing a climate in which any 
European might live. The Portuguese had been settled m thi- ■ *: '■■I- ■■■■';. -1 for 
thirty years. The whole of this country was just one vast ■ ■■ -■ ■ «i !• the 
country there was a vast mineral wealth and an ordinary population that, with 
education, might be rendered very industrious instead of earning on a continual 
Warfare against each other for the purpose of obtaining slaves. 


On liis Recent Explorations in N. W. New Guinea. 

By Signor G. E, Cerruti. 

After several visits to the islands and port of the mainland on the north, the author 
was in 1869 sent out by Count Menabrea for the purpose of making investigations 
preliminary to the formation in New Guinea of a penal settlement ; he secured at the 
same time means for turning his expedition to profit geographical' \ . He believed 
that a great part of the region from the Xulla Islands to New Guinea, and perhaps 
more to the north, had been subject to very important volcanic action in an epoch 
not very far distant ; and one could see the work now going on, the western coast 
showing gradual subsidence. But whatever the origin of the islands, they were 
now covered with a vegetation which he had not found equalled in luxuriance in 
any part of the world. He urged in strong terms the colonization of New Guinea. 


Observations on the White Nile between Gondolcoro and Appuddo. 
By Lieut. W. H. Chippindail, R.E. 


On Perak and Salangore. By W. Barrington X)’ Almeida. 


Observations on the Conventional Division of Time now in use, and its Dis- 
advantages in connexion with Steam Communications in different parts of 
the World ; with Remarks on the desirability of adopting Common Time 
over the Globe for Railways awl Steam-Slij.s. By SandeqrD Fleming. 


On the Site of the Grave of Genghiz Khan., By Professor Forbes, 
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On the Samoan Archipelago, By Litton Forbes, M,D, 

On Ahem and iU People , West Africa, By Capt. J. S. Hat. 


On the Geological Distribution of Oceanic Deposits, By J. Murray. 

These deposits were stated to be of three classes : — first, those which were found 
all round the continents and islands existing over, the world, without any exception, 
but which varied according to the places where they were found ; secondly, those 
found at from 200 to 800 miles from the land, consisting of shell and lime deposits, 
and covering most of the bed of the ocean ; thirdly, those existing at other depths, 
and which were of siliceous character. Observations had shown that a curious 
relation existed between the nature of the deposits and the depth of the water. 
It was also pointed out that in the neighbourhood of volcanic islands, and in no 
other places, were found large deposits of manganese, coating the shells and other 
things brought up from the bottom. 


On the Islands of the Coral Sea, By Kerry Nichols. 

The Coral Sea embraces that portion of the Pacific Ocean extending from the 
south of New Guinea, westward to the coast of Australia, southward to New Cale- 
donia, and eastward to the New Hebrides. The New Hebrides* banks and Santa- 
Cruz Islands, the author said, are an almost continuous chain of fertile volcanic 
islands, extending for a distance of 700 miles, between the parallels of 9° 45' and 
20° 10' south latitude, and the meridians of 165° 40 r and 170° 88' east longitude. 
Espiritu Santo, the largest island of the archipelago, was seventy-five miles long 
tna forty miles broad. The geological formation of the islands was composed of 
volcanic and sedimentary rocks. The chain of primary volcanic upheaval might be 
traced running in a general course longitudinally through the islands always in 
their longest direction, the axis of eruption being msrkea by active and quiescent 
volcanoes. On the north end of the island of Yanu Lava there were extensive 
prings of boiling water, solfataras, and fumaroles. The hot springs were of two 
cmds : — some were permanent fountains where water was in a constant state of 
ebullition, others were only intermittent, and the water became heated at certain 
ntervals, when it varied from a tepid degree of heat to boiling-point. The phys- 
ical features of the islands were remarkably bold, and betokened at first sight their 
r olcanic origin. The plains, tablelands, and valleys of the mountain region were, 
aany of them, of considerable extent. 


On a Journey across Finland , from Ellenborg to Archangel via Kemi, 
By Rev. J. Paterson. 


On Travels in Tunis in the Footsteps of Brace, 

By Col. R. L. Playfair, H.M. Consul-General in Algeria, 

The paper gave a narrative of the author’s observations made in the course 
I a journey in Tunis over places visited by Bruce about 1768. There had been 
ecently put into Col. Playfair’s hand for publication a large number of Bruce’s 
ketches, of which his Barbory sketches were, he said, the most interesting, form- 
ig About 120 sheets of drawings, com pie: 1 1\ illustrating the archaeology of North 
inica. In these circumsiai.ic-. tlm author had determined to follow Bruce in 
is journey, and to satisfy him- if n- to i 1 m* present condition of those interesting 
uiris, which were almost unknown to the modern traveller. 


17 * 
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On some, Point* of Interest in the Physical Conformation and Antiquities of. (he 
Jordan Valley. By Professor Porter. 

The general geological struct ure of tlie valley, the author said, was lime, and of the 
Same age as the basin of the Sea of Gallilee, and its surface was flat. The breadth 
varied from three to ten miles, extending a little towards the east j and from the 
nature of its thick alluvial coveting, it was of more recent formation than the 
mountains, of which the soil was the deposit, the valley having been at one time ap- 
parently a lake. The River Jordan, as it at present existed, could have had nothing 
to do with the formation of the valley itself. He recommended to the notice of 
men of science that geological remains on the site of Sodom and Gomorrah pointed 
to an explosion of bitumen much later than the ordinary geological formation, and 
probably within the historic period. 


Notes on the River Putumayo or Ifd, South America. By A. Simson. 


On his Recent Journeys in New Guinea. By Octavius Stone. 

The island extends in a south-easterly direction for a distance of over 1400 miles, 
having a maximum width of 450 miles and a minimum of only 20. The neigh- 
bourhood of the Baxter Iliver and the entire shores to the west of the Papuan Gulf, 
for an average of 100 miles inland, were low and more or less swampy, being inter- 
sected by watercourses and covered with forests of mangrove-trees. This part of 
the country was thinly populated by the Dand<5 Papuans, who in consequence were 
subjected to periodical raids from the adjoining islands of Borgu, Saibai, and 
Daun, the invaders generally returning victorious with the heads or jaw-bones of 
their slaughtered victims. The only trace of cultivation^ he saw was 80 miles up 
the river, where a space of six acres had been neatly fenced round and planted 
with yams, tarns, sugar-cane, and tobacco. Outside the enclosure were two or 
three uninhabited bark huts, which appeared to afford shelter to these roving 
people, in which they prolonged their stay as game was more or less plentiful. 
Traces of wild boar and kangaroo were observed in the Upper Baxter. No other 
large animal was known to exist. They were hunted with the bow and barbed 
arrow, while the war-arrows were poisoned by steeping in the putrid carcase of a 
victim until sufficiently saturated. The district oi the Baxter River contrasted 
strikingly with the Fly River discovered by Capt. Evans, whose banks for 60 miles 
Swarmed with human beings. The author’s impression of the western coast was 
that it would prove a grave to such Europeans as should choose to reside there. 
This part of the country was inhabited by the Papuan race, a dark race of people, 
though not so dark as the Australian negro, and one of cannibal propensities. The 
exstem peninsula, on the other hand, was inhabited by the Malay race. Of this 
race the author thought they had come to New Guinea from islands further east, 
s^me of them making the change at a comparatively recent date. This race was 
fir above the savage, bath in intellectual and moral attributes. They were culti- 
vators of the soil, each having his own plantation, and strongly opposed to the 
cannibalism and polygamy which obtained among their western neighbours the 
Papuans. The women, too, of the Malay race were not debased as among the 
darK race, but mixed with the men, with whom they shared the management of 
public affairs. The Owen Stanley mountains ran through the centre of the country, 
from south to north ; and the east country was, on the whole, favourable to culti- 
vation, and probably possessed great mineral wealth. It accordingly offered suffi- 
cient inducement for colonization ; hut colonization, if attempted, would require to 
be set about with much previous consideration, owing to the peculiar situation of 
the peninsula and |he circumstances of the people. 
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On the Temperature obtained hi the Atlantic Ocean during the Cruise of H.M.S. 

* Challenger l By Staff-Commander Tizaed, B.N. 

Over a great portion of the Atlantic the bottom temperature has this peculiarity: 
— If the aepth be less than 2000 fathoms, we find the temperature at the bottom 
lower than that of any intermediate depth ; but when the depth exceeds 2000 
fathoms, we find that the bottom temperatures are nearly the same as they are at 
that depth. This holds good for three fourths of this ocean. In the remaining 
fourth the temperature obtained at the bottom is much lower than in the other 
parts ; and this fourth is not at either extreme, where there is a large current of 
surface cold, but occupies the whole of the western portion of the South Atlantic 
os far north as the Equator. The results of these temperatures may be classified 
thus : — If an imaginary line be drawn from French Guiana to the westernmost island 
of the Azores, ana from thence north on the western side of this line, the bottom 
temperatures at depths exceeding 2000 fathoms are 35° ; that is, taking the mean 
of all the temperatures obtained, which differ but slightly. On the eastern side of 
this line the bottom temperatures are 35° -3 ; and this uniform temperature appears 
to extend as far south as Tristan d’Acunha, as the German frigate i Gazelle ’ ob- 
tained similar bottom temperatures eastward of the line joining that island with 
Ascension to the southward of a line joining Tristan d’Acunha with the Cape of 
Good Hope, The bottom temperatures are decidedly colder between the eastern 
coast of South America and a line joining Tristan d’Acunha and Ascension Island ; 
and from the Equator to the southward the bottom temperatures were invariably 
colder than at any intermediate depth. These temperatures varied from 31° to 
33 0, 5, that is, when the depth exceeds 2000 fathoms; and temperatures of less 
than 33° were found as far north as the Equator, while a few miles northward 
this bottom temperature was 33°. It therefore appears that in the western portion 
of the South Atlantic the highest bottom temperature is less than the lowest 
obtained elsewhere in this ocean, excepting where the very low result of 29° was 
found by the ( Porcupine ’ in 1809 between the Faroe Isles and the north extreme 
of Scotland. The question thus arises as to the causes which confines this cold 
water to the bottom portion of the western half of the South Atlantic. The 
examination of the soundings which had been taken in this ocean, combined with 
the results of their temperature, leads to the conclusion that there is a series of 
ridges dividing its bed into two basins, one of which occupies the whole of the 
western portion of the North Atlantic, while the other extends the whole of the 
length of the ocean on its eastern side, and that the cold water in the western 
portion of the South Atlantic is owing to there being no obstruction between the 
bed of this portion of the ocean and the bed of the Antarctic basin; and from the 
results of the serial temperatures’ soundings it would appear that these ridges can- 
not exceed 1950 or 2000 fathoms in depth. To ascertain the thermal condition of 
the Atlantic (from the surface to the bottom), serial temperatures were obtained 
in the ‘ Chaln-nm r * at 150 positions, observations having been made at each 100 
fathoms to 15'><> in depth, and frequently at, say, 10 fathoms to 200 fathoms 

in depth, at each of these positions. An examination of these temperatures shows 
that between the parallels of 40° N. and 40° S. there is a much larger amount of 
warm water in the North than in the South Atlantic, and that in the equatorial 
regions the isotherm of 00° is much nearer the surface than in the temperate zones, 
but that the isotherms below 00° are at nearly as great a depth at the Equator as 
in any part of the South Atlantic, especially at the isotherm of 40°, and that 
between the parallel of 3C° and 40° N. latitude the isotherm of 60° occupies a 
depth of 300 fathoms over an area of 1,200,000 : ■■■ ■!." \ ■ *'e the average 

depth of this isotherm between the parallels of 30° a: . ■ 160 fathoms ; 

also that the isotherm of 40°, which is at an average depth of 800 fathoms across 
the North Atlantic, between the parallels of 30° and 40° N. latitude, occupies only 
half that depth in any part of the South Atlantic. This phenomenon may be ex- 
plained in the following manner : — The power of the sun indirectly heating the water 
below the surface appears not to extend below 100 fathoms even in t&e tropics ; 
md this power decreases as the higher latitudes arc reached, until a position 
;s attained where the temperature is that of the freezing-point of salt water. As 
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salt water atits temperature of congelation is denser than at anv higher tempera- 
ture, its weight would cause it to sink ; and it would in time, Aid no other cause 
intervene, occupy the whole of the space in the ocean not influenced by the sun’s 
heat. But in considering the effect of the heat imparted to the surfaces, we have 
also to consider the effect of evaporation and precipitation. In the equatorial 
legions evaporation is rapid, so that the surface-film would become cleared through 
increased salinity were it not for the increased temperature and large precipitation, 
as well as to its being transported by the friction of the trade-winds and earth’s 
motion to the. westward. This surface-film, constantly moving westward in the 
equatorial regions, meets in the Atlantic with an obstructing point of the South- 
American continent, which directs it to the northward, so that the greater part of 
the water directly heated by the sun’s rays in the tropical regions is forced into the 
North Atlantic. As the salinity of this water is greater than that of the subjacent 
layers, and its increased temperature only renders it less dense, directly a portion 
falls in temperature in the colder regions of the temperate zone, the surface- 
film Binks and imparts heat to the water beneath. C , . the isotherms 

will be found at greater depths where the heated surface-films* are constantly 
descending than when, owing to their being less dense than the subjacent layers, 
they remain on the surface. 


ECONOMIC SCIENCE AND STATISTICS. 

Address by Sir George Campbell, K.C.SJ., M.P., D.O.L., President of the 

Economic Section . 

I feel a difficulty in undertaking the Presidency of this special and important 
Department of the British Association, in this great city, which contains so 
many men masters of so many branches of economic subjects. But, Scotchman 
as I am, I have felt that I could not decline the honour proposed to me in the 
commercial capital of my own country $ and I remember with pride that perhaps 
in no place in the British Empire could economic subjects be discussed with 
so great advantage. Other places have special industries. Glasgow has many, 
and she excels in them all. 

I. understand it to be the object of the Association that in the treatment of the 
subjects presented to us we should study, in this as in other departments, to follow 
as far as may be a strictly scientific method of inquiry, not lapsing into the dis- 
cussion of political details, but attempting to ascertain the principles on which 
economic results are founded, and to define the main lines of economic truth. It 
may not always be possible to draw the boundary between science and practice ; 
but I am sure that we shall all try as much as possible to avoid matters which 
involve party or personal questions, and to maintain a calm and scientific attitude 
in our treatment of the many subjects which come within the range of this 
Section. 

The Section was originally called that of u Statistics and all economic inquiry 
must be based on or tested by Statistics. At first sight Siati.-: o\; re-rd in figure* 
might seem to constitute the most exact of sciences ; but in practice it is tar other- 
wise. In nothing is so great caution necessary ; there is too great temptation to 
reduce to figures facts which are themselves not sufficiently ascertained ; too often 
an exactness is claimed for these figured results which is altogether fallacious and 
misleading. In fact there is a use and an abuse of figure-? j and one is sometimes 
tempted to sympathize with the cynical philosopher who said that nothing is 
more misleading than facts, except figures. It is especially necessary to distinguish 
between figures which are really ascertained, and those which are merely drawn by 
depictions from rough and conjectural facts. A false appearance of exactness 
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should not be given to these latter. For instance, if we take the geographic^] 
area of a country to be so much, and assume the density of population to be at a 
certain rate per square mile, we may work out a very precise figure, and yet In 
reality the result is not at all precise. 

There is very often fear that Statistics are sought out and adapted to suit a pre- 
conceived theory. Another misuse of Statistics is this, that when they are used 
to test certain capacities and qualifications work is directed and shaped to meet the 
statistical test, and the results thus obtained become misleading. In such a case 
it is necessary very frequently to change the form in which the statistical test is 
applied. 

Bearing in mind, however, the necessity of guarding against abuse, there can 
be little doubt that statistical science. is one of the most important instruments 
and necessities of our time, especially in this country, in which we are somewhat 
deficient in that science. First, we require statistics for the direct ascertainment 
of facts for practical use ; for instance, the statistics of production. Agricultural 
and manufacturing statistics are of the greatest practical importance to the farmer 
and the manufacturer. We are almost wholly destitute of agricultural statistics. 
How great is the contrast in America and other coim tries, where great attention is 
paid to these subjects, and every farmer in the country is kept informed of very 
much that it is most important for him to know ! 

But there is a second and almost more important use of Statistics, viz, the culti- 
vation of economic science by the inductive method. It is by collecting, verifying, 
and classifying facts that we are able to approach economic truth. There was a 
time when it seems to have been supposed that political economy was a science 
regulated by natural laws so fixed that safe results could be attained by deductive 
reasoning. But since it has become apparent that men do not in fact invariably 
follow the laws of money-making pure and simple, that economic action is affected 
by moral causes which cannot be exactly measured, it becomes more and more 
evident that we cannot safely trust to a chain of deduction, we must test every 
step by an accurate obsen ation of facts, and induction from them. This is, it 
seems to me, the highest function of statistical science : wo recognize that men 
are not mere machines whose course may be set and whose progress may be 
calculated by a simple formula. Men are complicated beings, whose minds and 
motives of action we do not yet thoroughly understand ; we cannot foretell what 
they will do till we are sure that we know what in fact they actually have done 
and do in a great variety of circumstances. In proportion as we attain that 
knowledge, we become acquainted with the main agent in economic science, and 
make advances towards a knowledge of that science. 

When we seek to understand economic history and economic institutions, it is 
seldom that ail the necessary materials are ready to hand in our own country and 
our own age. We must search for them far and wide. We seek to recover 
economic history^ generally ven imperfectly recorded in times when the science 
was little understood. And at the hamo time then' is a kind of contemporaneous 
history of which very much use may be made. We may observe facts, and may 
obtain statistics in countries which are in stages of human and. economic history 
very different from our own. As the history of plants and animals is recovered 
from geological records, so we may recover much of human history by studying 
man in the early, middle, and more advanced stages of civilization. We of this 
country, who rule over so many lands in so many parts of the world, have special 
opportunities for this kind of economic study. In my own experience I have beeii 
particularly struck by the light thrown on our institutions by a comparison with 
those lately and now existing among the different peoples of India. India is iijt 
truth a country of many peoples, and there is there infinite material for the human 
archroologist who would study the earlier phases of hunnin history among the 
primitive aboriginal tribes, still in what I would call the earlier stages of 
existence. We may there learn much of the origin of the institutions which we 
have long come to look on as almost part of our nature— of the earlier forms of 
property and marriage* and many other things. The fortunate connexion with 
Podia of that great scholar, .Sir Henry Maine, has led to a great amount of light 
oa tile connexion between the East and the West. At present I would only 
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allude to one ot two points in what I call the middle history of man, directly 
leading to our modem institutions, in respect of which I think that much may be 
learned from observation in India. Ana in India we are not now left to mere 
individual observation only. A very substantial commencement has been made 
towards the introduction of statistical science and the collection of statistics of 
tolerable value, in that country. For some years past great attention has been paid 
to ibis subject by the Government. I may venture to say that I myself, when I 
held office m that country, have done all that was in my power to promote statistical 
knowledge ; and a number of earnest men have done the like. As usual in the 
commencement of such inquiries, our difficulty has not so much been to get figures 
as to keep our statistical figures down to those which are pretty reliable. We 
are thoroughly aware of the necessity of caution in this respect j and we believo 
that we are gradually coming to the point when we can say that we have some 
verv valuable statistics on a very large scale. 

(5f the history and use of local Institutions we may learn very much in India. 
That country was, locally speaking, one of the most self-governed coimtries in the 
world, in native times. In all parts of this island, while the civic constitutions of 
the ancient Burghs have been preserved, the self-governing institutions of tlio 
country at largo have almost entirely disappeared, leaving only a few fossil remains 
to testify to their previous existence. On the continent of Europe tho old Com- 
munes retain a good deal of vitalit} r . But it is in India under native rule that wo 
see these institutions in full vigour and working order. That little republic, tho 
village community of India, has come to be looked on as an interesting old relic 
rather than as the subject for modern imitation. In my opinion we may draw 
from it a very large store of economic knowledge which may be very useful to us. 
1 grieve to say that philistine and self-satisfied as we are, prone as we are to believe 
that there can be no good ■ ’ ‘ ' ■ ‘ ■ ■ : own, instead of supporting and cherish- 
ing the self-governing and taking from them an example 

for our own country, we are permitting them to fall into decay. They owed in fact 
their cohesion and their durability to pressure from without, to the necessity of 
the case, which made self-government indispensable to their existence. Our strong 
arm has removed that external pressure ; and in our self-confident spirit we have 
substituted our pretentious but imperfect and uncertain Courts for tiie rough but 
reliable village rule of former days. I believe that tho more we introduce into 
India true economic science, the more it will be apparent that we have taken on 
ourselves too heavy a burden, that too great centralization is a mistake, and 
that, in a country where political freedom on a large scale is impossible, the only 
satisfactory resource is a large measure of the local government to which the 
people are accustomed. 

The tenure of land is another subject on which great light is thrown by Indian 
experience. After an intimate acquaintance with the tenures which we there 
find in existence, and those which our system has created, we seem to have before 
us a picture of the rise and progress of property in land. Putting aside the older 
forms of property, we have had in Inaia many examples of the feudal tenure 
of a conqucK-d <*». untry by chiefs and subchiefs holding in subordination one to 
another and ruling over communities of cultivators, some of whom were free and 
possessed of certain rights and privileges, and others were in a servile position. 
Among the communities holding land we have manifest traces of the old system 
of partition and repartition ; we have before our eves the gradual disuse of that old 
system and the gradual growth of the individual tenure of the lands under the 
plough with common use of the pasture-lands, the wood, and the water, on a 
tenure strictly analogous to that of English Commons. We have the struggle 
between the lords and the Commoners, and questions between the Commoners and 
the landless members of the community, just as wo have had in this country. 
Then we have the growth of English ideas of property in land* We have tie 
overlord, the ^emindar, no longer holding m fenclal tenure and receiving 
customary dues' and services, but turned by us into a rent-receiver. We have the 
struggle of the rent-receiver influenced by our ideas to turn the privileged culti- 
vator into a tenant pure and simple, to appropriate the Commons and to* establish 
absolute property. We have the emancipation of some cultivntur-i ns copyholders. 
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the subsidence of others put into rackrented tenants-at-will, and then into labourers. 
All these stages in the tenure of land we have in the Indian countries where the 
Zemindar system has prevailed. In other parts of India, where the Government 
has recognized the rights of and dealt with the Ityots direct, we have the rapid 
development of small property in land with all the incidents of that form of 
property with which in many parts of Europe we arc familiar. 

Then we have another process going on in all properties, small and great. 
At first the holders of the land are content to pay, as they always have paid to 
native rulers, the bulk of the rent to the State or to the feudal lord, retaining for 
themselves only certain dues and perquisites. Under our system the State rent 
is limited ; a portion of it is surrendered to the landholders. From time to time, 
under the influence of English ideas, that portion left to the holder of the land is 
increased. In one great province the assessment rendered perpetual in the last 
century has become so light as to be rather a moderate land-tax than a rent. In 
other provinces a moderate assessment fixed for a very long period becomes a very 
light assessment before the end of that period ; as the country progresses aitd 
values increase, the share of the landholder becomes larger everyday; he learns 
to spend that share. When the time for revision of assessment comes he resists 
any very large or sudden increase ; and the Government more and more yields to 
his demands. Thus gradually property in land in the English sense is established. 
Tenancy by capitalist farmers under capitalist landlords we have not yet come to 
in India. 

The subject of small cultivation seems to derive a new interest in a new quarter 
from what is now taking place in regard to the emancipated Africans in the United 
States of America and elsewhere. I understand that the cultivation which lia3 
already made the produce of the American cotton-districts almost or quite equal 
to that before the war, is for the most the cultivation of small independent negro 
cultivators, who raise cotton on a system much the same as that under which the 
Ityots of India or Metayers of Italy cultivate small farms. There seems to be 
among the dark races of India ancl Africa a dislike to regular hired labour, and a 
preference for independent labour on their own account, which makes them prefer 
small farming to service, or at all events leads to their doing better work on their 
own farms. There has been, I think, a disposition to undervalue the agricultural 
skill of the Indian ryot. And if it should prove that in advanced America, under 
free institutions, the cultivation of an articlo of great value and high quality is best 
earned on by small black farmers, we may well believe that in other countries, 
too, great results may be obtained by the same system. The settling down to 
honest labour of the American freedmen is an example full of promise, I hope, for 
the African raco throughout the world. If in all the countries where the state 
of black freedmen is still uncertain they can be thus settled, a great end will be 
achieved. And in Africa itself we may hope that in countries now torn by war 
and slavery a guiding hand may lead the African race to peaceful, prosperous, and 
happy times. 

t merely instance these as cases in which economic problems may be studied in 
their several stages in countries oilier than our own. I cannot attempt to pursue 
these subjects at present. 

Proceeding to another branch of economical science, I cannot but think that there 
ha* been passing before us of late a very great deal to bring home a view with which 
I have before on other occasions dealt — that curtly expressed in the homely saying 
of Walter Scott, that ‘‘it is saving rather than getting that is the mother of 
riehes.’ , What an extraordinary economic lesson is read to us in the results of tho 
late French war ! True, the French have been politically humbled ; true, they have 
been obliged to pay a war indemnity of crushing magnitude. But what has fol- 
lowed P Misfortune has taught the" French a lesson of economy and prudence ; 
triumph taught the Germans a lesson of pride and extravagance. ‘The French 
have retrieved their losses ; they are at this moment commercially the most pros- 
perous people in Europe ; they hear without difficulty or distress a taxation far 
larger than that of any other country in the world ; while the Germans, who 
launched out into extravagance on the strength of the vast sums paid them by the 
French, are suffering greatly from exhaustion and commercial collapse : them trade 



190 REPORT — 1876 . 

is bad, their manufactures are discredited, their people are disheartened. The 
French are a people of small proprietors and small capitalists ; they have not the 
great masses of accumulated wealth that we have in this country in the hands of 
great capitalists. But their wealth is more generally distributed among the people, 
and in their hands it fructifies at least as much in the end ; if there are not such 
high profits, there are not such great *q>'‘ndinurs. Looking to their capacity of 
bearing taxation, to the general wellbeing of the people, to the very general pos- 
session of small property, it may well be a question whether, after all and in spite 
of wars and misfortunes, France is not quite as prosperous a country as our own, 
and quite as happy a country. 

This at least is certain, that small people working for themselves, if they do not 
earn more, at least work more zealously and save more than those who work as tho 
hired labourers of others. I am inclined to think that, treating the matter scien- 
tifically, the facts will justify us in reducing it to a law that the small man who 
works for himself is a thrifty man and saves, while the hired labourer is seldom so 
saving and prudent. "VVhy is this ? I think the explanation is to be found in the 
habit of forethought and management which is necessarily engendered in the mau 
who, not living on daily wages, is bound in some degree to take thought for the 
morrow, to calculate his ways and means, to husband his resources for a rainy day, 
to make forecasts of the provision for himself and his family. To this I attribute 
it that the small French proprietor, the Irish farmer, the Indian ryot, the Scotch 
weaver (who is unhappily passing from us) are or were all saving, thrifty men. 
Where will you find a better class than the old Scotch handloom weaver, the 
careful, thoughtful, well-educated, independent man, the owner of his own cottage 
and patch ot garden ground, generally prudent, and always ready to hold his own 
in argument P No doubt modern mechanics make more ; but do they accumulate 
more? The’ habit of living upon weekly wages diminishes tho necessity for fore- 
thought. The practice of migrating in search of the best market takes away the 
desire to own a house and garden. I think it cannot too often be repeated that 
the great economic question of the day is to reconcile the modern arrangement of 
capitalist and workmen with sufficient incentives to prudence and economy ; that 
is the problem at the bottom of all plans of cooperation, and of most of the questions 
connected with Trades’ Unions and the like. 

Very intimately connected, too, with this question is the great and most difficult 
subject of pauperism. Poor Indian ryots manage to get on without Poor Laws 
because they are prudent self-woTkers. The poor Irish farmers for the most part 
do the same. In most European countries there are no poor laws. Yet when the 
people of a country are reduced to the position of labourers poor laws become a 
necessity. It is found in practice that people living on wages do not make the 
same provision for themselves and their helpless relations that self-workers do. 
There has been a strong disposition to meet this tendency by a more severe ad- 
ministration of the poor laws, by driving poor people into the workhouse. I con- 
fess that I doubt the efficacy of this system ; at any rate I think it may be earned 
too far ; and I was glad to hear Mr. Walter of the i Times ’ make a manly stand 
against it in his place in the House of Commons. 

It is for us to treat the matter scientifically, and to consider the principles on 
which poor-relief is founded. The Scotch are a logical people, and they are in- 
clined to take the view that pavanents to the poor-rates are a kind of insurance. 
They pay rates when they are well-to-do, and they think they are well entitled to 
pensions from the rates when they are disabled. Is this view a correct one ? or if 
not, what is the real principle of poor-rates and poor-relief f I think that these ‘ 
are questions which must be answered by those who would take a severe view of 
the relief system. I am inclined to doubt whether English doctrinaires or central 
boards can much improve on our careful and prudent system of out-door relief 
administered by local bodies who thoroughly know their own people. 

Even if time permitted I would not venture to deal with great commercial 
questions in the presence of those who so much better understand them j but there 
is one question of pressing importance at the present time to which I must allude, 
the more as it is much connected with the country of which I have a large per- 
sonal knowledge, India ; I mean the silver question. He would be a bold man 
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indeed who would prophecy the value of silver as compared with gold a few years 
hence. I certainly shall not attempt to do so. There are countries, China espe- 
cially, of which we know very little ; and I apprehend that the course of the silver- 
market will very greatly depend on the action of the States of the Latin Union 
and the United States of America. The disposition of the Government of India 
seems to be to adopt a waiting policy ; and there are not sufficient data to enable 
any one to pronounce with confidence that this course is wrong. “ When in doubt 
what to do, try how it will answer to do nothing,” is a maxim of much value. 
The only plan to which personally I have a little inclined is to put more silver into 
the rupee ; and that would not be safe till we are sure that the change in the 
relative value of the precious metals is permanent. 

On one point only in connexion with this subject I should like to say something 
further. The belief has been expressed, and the Silver Committee has accepted the 
suggestion, that India is likely to absorb an increased and increasing quantity of 
silver for currency purposes. This I greatly doubt. It is said that in many parts 
of India silver is yet little known for purposes of exchange, most transactions being 
conducted by the primitive method of Darter. This I think quite a mistake. I 
have as wide an experience of India as most men ; and I know no part of India 
where traffic is by barter for want or ignorance of coin, except the most remote 
hill regions of the most savage and unexplored aboriginal tribes which are yet 
hardly known even geographically. The Hindoos are a very old people ; they used 
coin freely when we had none ; and they have not forgotten the use of it. I should 
say that the special feature of their transactions is the use of a great deal of coin in 
cases where we should use notes, cheques, or bills. And my impression is the 
opposite of that which has been suggested. I am inclined to think that as more 
modem ways are learned less coin will be required, not more. When 1 first went 
to India very large quantities of coin were hoarded. Every prosperous native 
prince who managed Lis finances well according to native ideas hoarded very large 
sums in coin. ( hi the occasion of successions, minorities, and otherwise we ascer- 
tained the reality of these hoards. The weight and power of a prince or noble was 
estimated by his store of treasure. So in grades below, there was much disposition 
to put by stores of i upees j and the prosperous peasant, like the Frenchman, either 
buried rupees in his hut or made them into ornaments for his family — a little 
capital to be converted into cash when necessity arose. Till very recently paper 
money was wholly unknown ; and even yet it is used but to a very minute degree 
compared with its use in European countries. 

Now that the country is more opened up every day, that there is more confidence 
in the British peace, that new channels of enterprise, new wants and ideas are 
developed, 1 believe that the habit of hoarding coin diminishes. Natives, princes, 
and nobles spend their money in many new ways. When they accumulate they 
lend it to the British Government to make railways in tlieir territories, or under- 
take enterprises of their own, or put it in “ Government paper.” Smaller people 
travel by railway, enter into speculations, and utilize their money instead of hoarding 
it. In one direction, as people become richer the ornaments on their wives and 
children may become more valuable ; but in another direction, there is less hoarding 
of capital in this form. 

In a country where the coin of legal tender is so bulky as silver there is much 
greater occasion to use paper money freely than where the currency is gold. I see 
not why, as confidence in our notes increases, they may not come to be used ten, 
or twenty, or fifty times as much as at present, why notes for large sums and silver 
for smaller sums should not constitute the currency for transactions above 
those for which copper suffices. If the tendency of things should ]be at all in the 
direction which I nave indicated, it would follow that while we might understand 
the absorption of a vast amount of silver in the past half century, we might also 
suppose that the tendency thus to absorb that metal will not continue. 

I would ask your permission now to turn for a moment to the subject of educa- 
tion, and to suggest that here of all things there is the amplest room for substituting 
scientific inquiry and a scientific treatment of that great economic agency for the 
empirical system hitherto followed. Let us try to work out what are the objects of 
education, and bv what methods they may be best attained. How far and at what} 
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stages of the progress of the young human being is education useful as ft mental 
gymnastic, and how far and wnen as a means of c-miiis ji- Hiiv'-V mlvdijo 

to be retained. As a mental gymnastic, which » :■■■ 1« ‘iff. .?■ : :o r.il::- 

vated ? and in which, boys or girls, are particular faculties to be drawn out P Can 
we classify and distinguish the facilities of the mind— distinguish memory from the 
reasoning power for instance ? 

I am inclined to think that under the present haphazard system a boy generally 
gets that mental training which he least wants. The boy with a good memory, 
who does not need the excessive development of that faculty, does work depending 
on memory because " he has a turn for it and his reasoning power’s remain dor- 
mant for ever. The only boy whose reasoning powers are exercised by Euclid is 
the rare boy who has a turn for that sort of thing, and who does not need such 
a gymnastic. 

Then, when we come to the acquisition of knowledge, can we not distinguish 
the knowledge to be turned to use in after life ? Is there no distinction in the 
teaching of boys destined for one sphere of life or another P In England, at any 
rate, do not the chains forged by degrading endowments tie down almost all to 
the same dull routine? Is the knowledge of the things, the creatures, and the 
uses of the world put in due proportion to mere empirical learning ? I ask all 
these questions without pretending to answer them ; but I do again venture 
to suggest that education at present, of all tilings, requires scientific inquiry and 
scientific treatment. We must even, in dealing with education, go to the bottom 
of things, and inquire how far qualities are born, and liow far they are produced 
by association and education. 

"As regards the education and employment of women, is not tliero great 
room for scientific inquiry on the question how far the mind of woman differs from 
that of man ? Is there not, in fact, a very considerable mental difference between 
man and woman, just as there is a considerable bodily difference? Is not woman, 
to some extent at least, a different creature from man, so that we may in some 
sort predicate that under certain conditions a man will act in one way and a woman 
will act in another way, in the same manner (though not in the same degree) as we 
can predicate that a dog will act in one way and a cat in another? To some 
degree I am inclined to think that there is some natural difference, and that this 
difference must he taken into account in determining the treatment, the employment, 
and the functions of women. 

It is because I thoroughly sympathize with the desire of so many women of the 
middle classes to find useful and honourable employment for themselves that I 
think scientific inquiry into the economic capacities of the creature woman most 
necessary. If we can once solve that part of the problem, the rest will be com- 
paratively easy. I feel sure that there are many functions, whether they depend 
on nimbleness of finger, sympathy of heart, or quickness of intellect, for which 
women are especially fitted, while there are others for which their nature is less 
fitted and in respect of which they will do well to avoid an unequal rivalry with man. 

As education fits a man for liis duty in the scheme of economy, so dissipation of 
various kinds unfits him ; and w T e can hardly exclude from economic science the 
effect of the abuse of stimulants. 1 was going to say use and abuse, but I think it 
may be doubtful ^whether there is any real use for stimulants at all. In dealing 
with the matter scientifically, it seems very necessary to inquire how far the appe- 
tite for various stimulants is connected with questions of race and climate, and 
what is the comparative effect of pure stimulants and those which have a narcotic 
element. It does seem that man when he has the chance will indulge in some 
luxuries, and that drink cannot he stopped by preaching alone. Perhaps the best 
hope of a remedy may be to discover the means by which innocuous enjoyment 
may be afforded to him in consonance with his constitution and tastes. It may be 
a question fairly open to consideration whether the whisky of the Scotchman is or 
is not as injurious as the semi-narcotic beer of the Th •rlMiiui:!:. And then wo 
have the larger question, whether the wholly narcotic opium of the Chinese is worse 
than or as bad as the alcohol of European countries. 

I have been led into the suggestion that these things are very much a matter of 
race by observation of the very singular way in which in Asia the populations are 
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divided into those who use opium and those who use alcohol, according to race- 
lines, even in countries where the facilities of obtaining the one or the other aTe 
precisely similar. In the east of India I found that the consumption of opium in 
the various districts was just in proportion as a Turanian or Chinese element pre- 
vailed in the population. The Aryan races of India never take to opium in a very 
great degree, except in the case of some of the Sikhs, whose religion prohibits the 
use of tobacco. Even in the districts where the poppy is almost universally culti- 
vated by the Ryots (and they supply the opium which the Chinese consume), it is a 
happy met that the native population does not take to the common use of opium ; 
ana there are no greater symptoms of the ill effects of the drug than in districts 
where it is very rare and dear — far less so than in districts where the cultivation is 
not permitted, but where there is an Indo-Chinese population. I cannot hut 
think that such race proclivities open up an important held of inquiry. 

From so fertile sources of crime as drink and other stimulants one not unnaturally 
passes to justice and the repression of crime, as essential to economic safety ana 
prosperity. No one who has experienced the vast relief obtained by the change 
from a crude and undigested state of the law to the use of codes can doubt the 
immense advantages of codification. It is very greatly to bo regretted that so’ 
little progress in that direction has been made in this country. Not only would 
there he the great direct gain, but there would be this enormous advantage, that in 
a codified shape the laws of the three kingdoms might be assimilated. The very 
great juridical advantages which we possess in many respects in Scotland would he 
communicated to the sister kingdoms ; and, on the other hand, we should obtain in 
Scotland some modern reforms which we need. We should get rid of that shock- 
ing anomaly and hindrance to business, the necessity of passing in the same legis- 
lature separate laws for England and Scotland, only because there is a difference in 
the legal phraseology and some of the details. I have been much struck by the ex- 
treme ignorance which prevails in England regarding our Scotch criminal system. 
The world is ransacked for examples in regard to such questions, as, for instance, 
the examination of the accused ; and yet there is not one well-educated man in 
England in a thousand who knows that* in his own island, at his own door, there is 
a system of criminal procedure most radically different from his own, and, as I 
venture to think, very worthy of English imitation. Who in England has the least 
idea of the wholesome Scotch system under which the first inquiry includes the 
examination of the prisoner before lawyers are permitted to see him, and the record 
for judicial use of the statements which he makes ? 

After judicial inquiry comes puuisliment ; and here I am inclined to believe that 
the civilized world is still very much at fault. I think there is still immense room 
for scientific discussion on the subject of punishments. There are some great sub- 
jects, such as sanitation and punishments, in respect of which I believe that the experts 
claim a <vriiiiiu\ and a knowledge which has not yet been attained. On the con- 
trary, I i Is in \\ li.oie is still every thing to be gained by inquiry and experiment 
conducted without prejudice or preconceived conclusions. The mere shutting-up 
a man in prison without severe treatment is by no means a sufficient deterrent to all 
natures ; and when we seek to be severe, we clash with modem notions of humanity. 
In one shape, indeed, there seems to be a disposition to revert to a form of torture — 
that is, by flogging. Yet after a great experience I am myself much convinced 
that of all forms of corporal punishment flogging is the most uncertain, ineffective, 
and dangerous. In a light and simple form it is good for juvenile delinquents; 
whose offences are petty, and whom we would not contaminate by a first imprison- 
ment. And flogging is to some natures a material addition to other punishments. 
But as soon as we try to carry it beyond this we are placed in this dilemma, that 
a flogging which is safe is an insufficient punishment; a more severe flogging is a 
sort o? lottery : nineteen or ninety-nine men it may not harm, the twentieth or 
hundredth it will kill. I really believe that it would be safer to cut off’ a finger or 
an ear than to attempt to deal with serious offences by flogging only. 

It is because I think we do not yet fully understand the science of punishment 
that I am myself opposed to a too uniform and centralized system of prison manage- 
ment. I thoroughly admit that there is much room for reform in regard to the 
number of our jails and for improvement in the management of many of them r 
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Momma to tmff out these objects I would gladly see. But, doing so much, I 
would still both retain in this Os in other things the services of the many experi- 
enced local magistrates who in this country give so much time and attention to 
local business, and leave a considerable latitude for some varici v of treatment and 
some facility of experiment in regard to the treatment of criminals. 

I do not attempt to go into further detail on these subjects. I am sure that it is 
bettertbat I should not aetainyoulongor, but -diould give nlac»* to the many interesting 
papers which will illustrate this .Section, and u hicli will, I trust, lead to many im- 
portant discussions. If the scope of this Section is somewhat wide and perhaps 
less defined than that of other Sections of the Association which deal with more 
precise branches of science, it at all events includes a variety of subjects of much 
practical and immediate interest. If only on the subject of silver currency some 
light can be shed, great good will be done. That subject will be treated by very 
able hands ; and we shall nave the advantage of men of great practical knowledge 
in discussing it. ' Other subjects I might mention which will be brought before you 
in papers of great interest j but they will speak for themselvfes, and I need not 
enumerate them here. 


Agricultural Statistics. By William Botly. 

The author stated that this was a continuation of a previous paper “ On Agri- 
cultural Statistics and Waste Lands.” The antiquity and utility of agricultural 
statistics in the far East, where they operated as a stimulus to production, gave a 
knowledge of their resources and averted famine. The elaborate system thereof 
now adopted in our Australian colonies he cqnsidered worthy of imitation by the 
United Kingdom and all its dependencies, remarking that the entire cost of the 
Bengal famine (£0,688,000). with the sacrifice of life and its demoralizing ©fleets, 
might have been prevented had a thoroughly good record of cultivation and its 
outcome been in operation in India. Of the acreage of Great Britain and Ireland 
(77,600,000) there were in 1876 : — 


In com crops 11,399,030 

Boots and green crops , 6,067,029 

Elaxf hops, fallow, and grasses under rotation 7,085,128 

In permanent grasses, exclusive of heath and mountain-land, 28,773,002 
Unaccounted for 80,186,211 


Total 


77,600,000 


Cattle 10,162,787 ; increase in three years 444,282 

Sheep 33.491,948; „ „ „ 1,246,300 

Pigs 3,495,1(57 ; decrease ,, „ 082,833 

Horses .... 1,876,861; „ „ „ 58,020 

The decrease in pigs is accounted for by the high price of barley &c. The import 
of grain, flour, and meal in the fifty-two weeks ending August 25, 1876, was 
110,818,694 cwt. It is estimated that we import about half the corn we consume, 
and 14 per cent, of our consumption of meat alive or cured. We consume 
83,697,783 cwt. of beef, mutton, pork, hams, and bacon. Estimating the popula- 
tion at 88,000,000, each man, woman, and child in the United Kingdom consumes 
annually 114 lbs. weight of meat, exclusive of poultry, fish, game, and rabbits. 
With reference to wastelands the author .advocates legislative encouragement and 
security for the outlay of capital, with skill and enterprise in their cultivation, 
where there was a reasonable prospect of a profitable result. The returns showed 
an increase of 171,479 acres in cultivation on the preceding year, which, as far as it 
went, was satisfactory. In conclusion, he observed the present time is favourable to 
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its extension : the people emigrate who are willing to work, Sanitation asks and 
supports it, political economy requires it, ’ ' ■ ■ ■ it, the money-market 

favours it, the rate of discount being but 2 per cent. \\ hen capital and money 


improved cultivation of the soil, with the invaluable satisfaction of giving healthy 
employment to tens of thousands of the people, and permanently increasing the 
value of our property both individually and nationally P 


The Economy of Penalties. 

By the Rev. John S. Burt, Chaplain of Broadmoor Asylum. 

The problem which economy is called upon to solve, stated in its simplest terms, 
is either to achieve a given result with the least possible expenditure of force, or 
with a given amount of force to achieve the greatest possible result. 

But the problem is seldom presented in a form so simple ; either the greatest 
attainable result is not known, or the available force is not determined, while vari- 
ations in the force used involve complications with other forces, and therefore also 
complicated results. Accordingly the problem generally assumes this ulterior form : 
when the cost of the force used is deducted from the value of the result, to deter- 
mine the point at which the excess of value is greatest. 

This is the form which the problem ultimately assumes in the economy of 
penalties. 

The result to he attained at in the use of penalties is by no means determined. 

The general opinion is that penalties ought to be aimed at the complete repres- 
sion of crime. This opinion was countenanced by \irhbi>hup Whately and by 
Mr. Bentham ; but tbis opinion is inexact and misleading. 

Lawlessness in a population is restrained powerfully by other moral forces ante- 
cedent in their action to penalties. Penalties are a supplemental force j they are 
thrown in as u make- weights.” 

But the incentives to crime which overpower those other antecedent forces 
counteract also the action of this supplemental force. It is a matter of universal 
experience that the complete suppression of crime is impossible. 

Between what is effectod by those antecedent forces and what cannot be effected 
by this supplemental force there lies an undetermined amount of preventive crime. 
The prevention of more or less of this preventive crime is the result which ought 
to be aimed at by penalties. 

The amount of preventible crime, and the point at which the crime-rate is affected 
by an increase or a decrease of penalties, is to be found by a study of what may be 
called comparative o'iminality. There are great fluctuations in the rate of the 
commitments to prison among the population generally and in different localities, 
But these fluctuations do not follow inversely an increase or a decrease in the use 
of penalties j on the Contrary, for more than naif a century the amount of crime in 
its graver forms, and the severity of punishments for them, have gone on decreasing 
concurrently. This is evidence that heretofore penalties have been used in excess 
o&their proper deterring power. 

Of the cost of penalties, 

In an economy of penalties there are three subsidiary economies — namely, an 
economy of pain, an economy of labour, and financial economy. 

In this paper the economy of pain is alone treated of. Until the exact point Is 
found at which the amount of crime varies inversely with the increase or decrease 
of punishment, the proVetn is to keep crime at a given level with the least possible 
expenditure of pain. 

The infliction of pain in excess of what is necessary is cruelty. States cannot 
lessen the happiness of thousands of the population by severe penalties without 
incurring hefwy costs to the nation. There is a lessening of loyalty, and there is 
often a revulsion of feeling produced against the Government. There are more 
than 150,000 commitments to the prisons of England and Wales every year. 



REPOET — 1876. 


19Q 

# 

There are more than 27,000 persons lying in those prisons constantly. If from 
arriving at a mistaken result one third or one half of these persons are kept in 
prisons in excess of what is necessary, the amount of the nation’s happiness is 
lessened to an extent by no means trifling. 

In administering the penalty of imprisonment, the economy of pain leads to a 
conclusion in favour of compressing the penal element into shorter periods of time 
under a rigorous separate discipline, instead of expanding it over longer periods of 
time in association. 

The longer sentences tell upon the faculties of prisoners ; the severe discipline 
does not. 

The popular opinion that a separate discipline cannot he prolonged beyond twelve 
months is founded on error. The objection shows that the principle of the separate 
system is not correctly understood. The evidence is conclusive that a separate dis- 
cipline may be enforced for long terms with perfect safety. Now and then injury 
to the mind may be produced, but the coses ought to he very rare. Injury both to 
mind and body will occasionally result from any form of severe punishment ; even 
curative processes sometimes do great injury. 

The use of chloroform is occasionally fatal ; but this does not overthrow the Use 
of it. If at any hospital the deaths from it were frequent, this would be evidence 
that it was not administered properly. It is the same with the separate system of 
piison discipline. 

The economy of prison labour and financial economy are neoessai ily passed over. 

If the principles advocated in the former papers were acted upon, one third or 
one half of the cells in county and borough prisons would be left vacant. 

If the principles advanced in this third paper were acted upon, those vacant cells 
would be filled with prisoners undergoing penal servitude, and the convict prisons 
would be nearly emptied. 

Further in\o-1 iir.it ion of these principles is invited. It is submitted that they are 
based upon laws of man’s moral nature, which govern even governments, and which 
states cannot contravene with impunity. 


On the present extent of Slavery and the Slave Trade , with a reference to the 
Progress of Abolition since the close of the American War . By the Rev, 
Aakon Bfsacott. 

Slavery now prevailed in Turkey, Egypt, Persia, Tunis, Morocco, Madag.i-Tnr, 
Portugal, Spain, Brazil, Afghanistan, and in the dominions of the Seyyid of Zan- 
zibar, and amongst the different tribes of East and Central Africa. Every continent 
shared in this great crime. In Turkey it was a vast national institution, degrading 
the dignity of labour, demoralizing domestic relations, and paralyzing the influences 
of modern civilization. Portugal had the will but not the power to abolish slavery 
throughout her territories. From 0000 to 10,000 slaves were annually conveyed 
from the Portuguese coasts of Mozambique to Madsgascar. Spain stood alone 
among the nations of Europe in resolutely maintaining slavery in Cuba. At the 
lowest estimate it was computed that 70,000 Africans yearly crossed the sea into 
slavery ; and, accepting I)r. Livingstone’s estimate of the numbers massacred by 
slave-hunters and perishing on the route to the sea-coast, it was computed that fibt 
less than 500,000 were annually sacrificed. The author questioned the efficacy of 
ha\ing treaties for the suppression of slavery, when these were only meant to 
worry petty Arabs or African chiefs, or the Seyyid of Zanzibar, while other and 
stronger nations were left to do wliat they wished. He then pointed out that at 
the close of the American war 4,000,000 of slaves were set free, and he was glad 
to say that America at this moment was more severe against complicity in slavery 
than even English law. And now that America had lent her influence on the side 
of the slave, he thought there would be no difficulty in abolishing slavery. Por- 
tugal had desired that the slaves in some of her islands should be free, hut it was 

S uable whether the decree was in any measure operative. The Queen of 
ascar in 1874 issued a proclamation granting freedom to all slaves imported 
une 1865 (the date of the treaty with Great Britain. America, and France) $ 
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bat there was no evidence that one slave had been freed through that proclamation. 
Even so late as last year Arab merchants openly exposed slaves for sale in the 
capital, and no attempt had yet been made to give freedom to the masses of slaves 
who were natives of Madagascar. After referring to the exertions made by Dr. 
Kirk, through whom the Sultan of Zanzibar had been brought to make the treaty 
with England, he raid that, according to Lord Derby, the Foreign Office was in 
communication with the Turkish and Egyptian (xotcrnmcnts with a view to the 
suppression of the slave trade. Thus far has the slave trade been abolished ; but 
the progress of this movement depended entirely upon a strong public opinion. 
Circumstances were propitious, ana an earnest effort might now realize all the 
sacred conditions of British freedom. 


On some Special Evils of the Scottish Poor Law . By Alex. M'Neel Caird. 

The author, after referring to the position of the poor people before the dis- 
ruption, and the fact that in some measure it led to the passing of the Poor Law 
Act Of 1845, said that in Scotland the parish minister and five of his elders were 
entitled to life-seats at the Parochial Board for managing the poor, while in fewer 
than one in seven of the whole parishes an equal number of members were per- 
mitted to be elected by the ratepayers. There were 326 parishes out of 811 in 
which the elected members were restricted by the Board of Supervision to a third 
of those entitled to seats by reason of ecclesiastical office. There were not a few 
parishes in which only one member was permitted to be elected. Thus a perilous 
system had grown up of men who contributed little, having the power of spending 
the money of ratepayers, who had no voice in their appointment and no power to 
remove them. The constant vigilance necessary to keep pauperism within bounds 
was not likely to find a place under such a system. Then the advance of expen- 
diture for the poor in Scotland was found in 1847 to be £433,015-, and in 1875 
£794,016. In England, in 1847, the expenditure was £5,208,787, and in 1874, the 
latest report, it was £7,064,057 ; while in Ireland, in 1852 (the earliest report he 
could get), the sum expended was £884,260, while in 1875 it was only £771,553. 
In Ireland there had been a reduction instead of a growth in the total cost, even 
including able-bodied, where the population was only five and a half millions ; 
whereas in Scotland the population was only three millions, and the able-bodied 
had no claim on the rates. That was explained by the known excess to which out- 
door relief was carried on in Scotland under ecclesiastical managers. Of 176,787 
receiving relief in 1874, only 7752 wer§ in the poorhouse ; while in England only 
one in five of the poor were put on indoor relief, and in Ireland forty-four were in 
the workhouse for every thirty who got outdoor relief. The independence which 
formerly characterized the Scottish peasantry had been undermined a:i<l do-irou»d 
through the facility with which outdoor relief had been given. An iHii-ti alien of 
the lax management was to be found in the extent to which loose women of the 
parish — unmarried women with children — received stipends from the poor-rates, 
enabling them to live manifestly to their neighbours in greater ease than others of 
their rank. In the Stewartry of Kirkcudbright there were found on the rolls eight} - 
seven dissolute women having 207 children, of whom only three women having 
eight children were sent to the poorhouse. One parish in that county stood among 
the highest in Europe for bastardy. In January 1875 there were in the southern 
district of Scotland alone 741 women with 1473 illegitimate children receiving 
parish relief ; and in another district, in May 1875, there were on the outdoor roll 
330 cases of single women with illegitimate children. Could it be wondered, there- 
fore, that un der such a system, patronized by the Church and its ministers— unde- 
signedly no doubt, bub very effectually— the growth of iinm.-rality in Scotland 
should have become so appalling. Did anybody believe that if the management 
were substantially in tbe hands of Christian men, elected by those who provided 
the funds, that such a system could live for three months ? 

Another evil was the area for rating and settlement. That in Scotland was 
limited to parishes: in England tlieie an ere only C47 of such areas, while in Scot- 
land there were 804. In Emrland the pi p illation to each au-u \\a- 35,072, while in 
1876* v IS 
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Scotland it was only 4280 ; and London, with a population equal to Scotland, had 
only thirty. Nearly one in three of these areas in Scotland had fewer than 1000 
inhabitants, and every tenth parish fewer than 500. That caused a great inequality 
of ratin g between neighbouring parishes, and a multitude of petty administrations 
with limited views ana increased expenses, and continual irrterparochial conflicts* 
As an instance of that, he mentioned that in the Barony parish of Glasgow alone 
there were commonly between 2000 and 8000 undetermined cases of settlement. 
Again, the law of settlement was adverse to freedom of liberty, and the effect of it 
Was that a man whose settlement was in a small parish was practically limited to 
the inhabitants of that parish to find customers for his labour. It operated by 
creating a fictitious interest, in every land- or house-owner, farmer, ana ratepayer 
feelingit their duty to prevent a man being in their parish long < ■: -..srh to obui:ii a 
settlement there. The field for a labouring man was therefore p»-i -iniiS liii.r-d to 
narrow bounds round the place where he lived, and any arrangement which artifi- 
cially increased Ms difficulty in obtaining a house in another district, where he could 
have steadier work and better wages, was a source of oppression to him. The law 
of settlement in narrow areas had lea to the pulling down of houses and restriction 
of the accommodation of labourers in county parishes in Scotland, and one result 
of that was that nearly one tMrd of the whole people of Scotland lived in houses of 
one room. That was a fact which required to be enforced on the Legislature, in 
order that wider bounds of settlement might be adopted, as had been done eleven 
years ago in England. 


On the part in the Operation of Capital due to Fixed or Limited Amounts 
invested in Trade, By Hyde Clarke, F.S.S, 

The author stated that it was popularly considered that capital in its excess or in 
its deficiency was uniform in its influence in all branches of commerce ; and he 
called attention to branches of trades wherein the amount of capital indicated could 
not practically be increased. A ready-money tradesman, as a baker, might be 
quoted as an example ; and the total of such operations was large. In England, 
France, and Germany there were a number of persons engaged in such trades, the 
savings of which in times of prosperity went to form a fund for the larger opera- 
tions of commerce, and the disturbance of wMch aggravated the severity of a period 
of pressure. 


On recent attempts at Patent Legislation. By St. John Y. Day, C.E. fyc. 

The author holds that the Lord Chancellor's Bill of 1876 is entirely contrary to 
what is wanted for the maintenance of an efficient Patent Law ; he points out the 
insufficiency of the numbers of examiners for which the Bill provides. Examina- 
tion can be and ought to be effectually carried out. 

The paper contains statistics for the requirements and practice advocated, 
shows on what grounds it is desirable to maintain the existing practice of granting 
provisional protection upon the filing of a provisional specification ; the practice of 
preparing abridgements is unnecessary, ana serves no practical end, as in ail cases 
it is essential to refer to the complete specifications themselves. 

The author also discusses the clause or the Bill dealing with what the examiners 
are to report upon, compulsory licenses, &c. 


On the Importance of extending the British Gold Standard , with subordinate 
Silver Coins , to India as a remedy for the inconvenience in India of a rapid 
Depredation of Silver* By W. Neilson Hancock, LL.D. 

It was obvious to those who had read the report of the Committee on the Depre- 
dation pf Silver that the British currency occupied an exceptionally satisfactory 
petition for meeting the great fluctuation in value which silver was undergoing; 
Fn India, under the government of the East-India Company, the primitive arrange- 
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fitont of a silver standard was allowed to remain ; and tins unsatisfactory state of 
matters continued till 1887, when, although a new rupee was established, the use 
of diver as a standard was left unchanged. The result has been that the depre- 
dation of diver has produced a most serious disturbance in the exchanges between 
this country and India, and lias disturbed trade and monetary transactions in India 
generally. One of the causes of disturbance was the discovery of the fertile silver- 
mines In California j and he regretted to say that there was no guarantee against a 
further and still more disturbing fall in the value of silver, like what took place in 
the sixteenth century after the discovery of the silver-mines of Potoei. Had the 
assimilation of the Indian and British currencies taken place in 1816 or 1883 no 
difficulty would have arisen any more than it had done in Canada or Australia. He 
did not think that the change of the standard from silver to gold would involve any 
change in the mode of keeping accounts in rupees. All that was required was to 
fix the proportion at which a sovereign would be a legal tender. As to the desira- 
bility of such a change he thought there could be no doubt ; and had the change 
been made when thejvalue of the rupee was two shillings it would have been easy, 
as a sovereign would then have been exactly ten rupees. To remedy the evil, the 
author concluded by expressing a desire that a reformation of the coinage and an 
assimilation of the currency between this country and India should take place 
during the reign of Her Majesty, as in that way the sovereignty of the Queen 
would, in the circulation of British rupees and British sovereigns, marked with their 
fixed proportion of rupees, be associated in the mind of every native of India with 
the lasting benefit conferred on himself and his country. 


On Savings' Banks as a State Function developed by Charity Organization , 
By W. Neilson Hancock, LL.D. 

The results submitted to the Section were That now the perfectly safe places 
for the savings of the poor are provided by the State in such numbers, and for such 
long hours, and under such convenient arrangements by the Post-Office Savings’ 
Banks, the object for which charitable Savings’ Banks were established has been 
fulfilled, and these institutions have become unnecessary and are a waste of chat 
ritable effect. 

That the State should withdraw its connexion with them, as the State has only 
imperfect and divided control, as the limitation of liability of the charitable pro- 
moters makes the ^ curil \ imperfect, and as it is bad teaching for the poor to offer 
them a bounty nt 1 1.- ■ public expense to invest their savings in less perfect security 
than the Post-Office Savings’ Banks. 

That the voluntary closing of charitable Savings’ Banks is going on too slowly, 
owing to the too limited pn u f»«r the compensation of the paid officers. 

That the State would -a\ “ 1*1 10,000 a year immediately, and as the paid officers 
died or retired would save £280,000 if the system of official audit in Ireland were 
extended to England and Scotland, and all the Trustee Banks and officers, as soon 
as the audit was completed, were taken over by the State. 

That the services of the charitable promoters and honorary officers in instituting 
the general system of Savings’ Banks for the poor, which the State has been so long 
connected with, and the great profit to the State of immediate and complete con- 
version of charitable Bluings’ Banks into Post-Office Savings’ Banks, makes it a case 
where complete security of service or compensation to the officers would not only 
be morally just, but economically advantageous to the State. 


On the Memorial of Eminent Scientific Gentlemen in Favour of a Pemaneni ‘ 
Scientific Museum . By J* Heywood, FM.S* 


IS* 
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The Exults of Five Tears of Compulsory Education. 

By William Jack, LL . D . 

In this paper the author did not propose to discuss the question whether the quality 
of elementary education in this country has improved or deteriorated in conse- 
quence of the introduction of compulsion. Few inquiries would be more difficult. 
There is no absolute standard of quality. He used the word results for two things 
which can be measured in figures : — 

f 1) The change in the number of children attending efficient elementary schools. 

(2) The change, if any, in the regularity of attendance at school. 

In the English Education Act of 1870 the Government, for the first time, sanc- 
tioned the principle that wherever the school board of a locality believes that chil- 
dren ought to be compelled to attend school, parents may be compelled to send them 
under penalty of fine or imprisonment, subject to such bye-laws as the school board 
may enact. 

Since that time school boards representing a population of nearly 12 J millions of 
people in England and Wales have passed and worked compulsory bye-laws. Com- 
pulsion is now adopted by forty-six per cent, of the whole population of England 
and Wales, and by eighty-two per cent, of the borough population. 

In the new Education Act of 1876 England has adopted the principle of uni- 
versal compulsion, creating a school attendance committee where there is no school 
board, and enjoining that committee or the school board of the locality to make and 
enforce bye-laws and otherwise carry out the provisions of the Act. 

They are briefly these : — 

1st. It is declared to be the duty of every parent to see to the elementary educa- 
tion of his child above five and below fourteen. 

2nd. No employer is permitted to employ 

(a) any child under ten years of age, with certain (no doubt considerable) 
permitted exceptions ; or 

(b) any child over ten and up to fourteen 

without a certificate either of education or of previous attendance of a due amount. 

These provisions will come into force fully in 1881. 

After giving the general results for the three countries the writer proposed to look 
somewhat more in detail to the results of the application of compulsion in the large 
cities, which are types of 82 per cent, of the borough population of England. The 
Act of 1870 decreed a school board for London. The first step which the board 
took was to discover the actual school supply in the metropolis, and to make a rea- 
sonable estimate of what was wanted. Tne Government theory was, that accomo- 
dation ought to be provided for one in six of the population. After making allow- 
ances for the middle and upper classes, and for the necessary absences, the School 
Board of London decided that a supply for one in eight of the population was enough 
to pro\ide for elementary . ' **■„-. ‘3 disiric*.. \< e Tdi: g!\ it was necessary to 

have accommodation for ■* *■ . the p j .ih.iii -sin 1^71 being approximately 

3,356,000. The Board found schools existing m 1870, or erected or projected be- 
tween that and 1873, for 308,000, so that their first duty was to build for 112,000 
more children. Many of the existing schools were inefficient ; they had to work 
gradually towards the remodelling or uprooting of these inefficient schools; they 
Bad to aitfe? the habit of irregular attendance. Between the spring of 1871 and the 
Michaelmas of 1873, two ana a half years, they had increased the average attend- 
ance by 60,000. At midsummer, 1876, the average attendance bad risen to 305,749, 
qp increase of 131,448 over the spring of 1871, w hen it was 174,301. Thus in five 
years the averajge attendance on efficient schools has risen by seventy-five per cent, 
in the metropolis, against the Irish eight per cent, in five years. Besides this there 
were 42,000 in non-efficient schools, which is 12,000 fewer than in the previous 
year. There were 87,000 who ought to have been at school, but who were absent 
from various causes at Midsummer 1876. This official estimate of deficiency is 
founded on the theory that 575,000 children between three and thirteen require ele- 
mentary teaching— say one in six of the population. But the School Board of Lon- 
don do not think it necessary to provide school accommodation for more than 440,000 
^say one in eight ; and in fact they have provided, up to the end of 1876, for 
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420,000, which was their original estimate of existing deficiency. They have only 
to provide efficient schools for the children representing the increase of population 
since 1871. 

The change wrought since the foundation of the School-Board system is thus 
enormous. Considering the number of untrained children drawn for the first time 
within the School-Board net the regularity of attendance secured is also very re- 
markable. It was 75 per cent, of the roll in Midsummer, 74£ per cent, at Christmas, 
1875, 76£ per cent, at Midsummer, 1870 — rather better than that in Scotland y and 
these results are to be compared with the 07 per cent, of Ireland, where there is no 
compulsion, and of all England, where it is only partial. 

Of the 87,000 not attending school in the metropolis I must add that 05,000 are 
under five, an age when we in Scotland scarcely think of sending children to school 
at all. The infant-school system is, it is well known, much more developed in south 
than in north Britain. 

For the sake of simplicity I have neglected the varying increases of population 
in the large towns. To take it into account would introduce no material change in 
the comparative figures, and very little change of any kind. 

It remains for us to look at the dark side of compulsion. In London two pre- 
liminary notices precede the parent’s summons before a magistrate for neglect of 
his children. These warnings generally have the effect desired. Thus there were 
35,000 A notices in last half-year, which brought 13,000 to school, or made them 
more regular ; then there were 23,000 B notices ; these were followed by 3990 sum- 
monses and by about 3400 fines. At that time in London 150 people were sum- 
moned and 130 people were fined every week for m-gh'oiir.ijr the education of their 
children. The cost of this machinery for the year i- T2 1,000, being Is. Id. per head 
per annum on the average attendance secured. But the cost, heavy though it is, 
seems to me scarcely worth counting compared with the feeling amongst the poor 
which I should expect these prosecutions to create. There is no sign, however, that 
the efficiency of the present compulsory action is diminishing. The addition to the 
attendance in the half-year ending Midsummer, 1875, was 17,600. In the half-year 
ending Christmas, 1875, it was only 1400. But the winter was an exceptionally se- 
vere one, and the increase in the half-year ending Midsummer, 1876, has again risen 
to 17,252. 

Figures and percentage^ are apt to leave rather a vague and shadowy impression ; 
and it may help to realize the difficulty as well as the extent of the problem practi- 
cally presented to school-board officers if I take four instances at random from the 
report of the London School Board. They seem to me to throw a vivid light on 
the infinite variety of domestic and social entanglements in which the enforcement 
of compulsion inevitably involves us. 

u Bichard Bust was summoned for Bichard, nine. The lad is a very bad one, 
and was rapidly going to ruin. The father having arranged with some friends in 
the country to take charge of him in the future, the summons was withdrawn upon 
payment of costs.” 

u Tomlin. In this case, notwithstanding that fines were imposed, and a warrant 
applied for m:d iri anlcd for the apprehension of tlie defendant, no good result en- 
sued, as the warrant officer was unable to apprehend the father, who worked in the 
country, and seldom or never returned home except on Sundays. Application was 
made to the magistrate for a summons against the wife, on the ground that she had 
the < actual custody.’ This was granted ; hut she removed, and the visitor has been 
unable to ascertain her address. She probably went into the country.” 

u Bichard Baymond was summoned at Lambeth police-court for neglecting to 
cause his son "William to attend school. The father stated that the boy had been 
refused admission on account of an impediment in his speech. In order that in- 
quiries might be made Mr. Ellison adjourned the case for one week, when the state- 
ment of the father being proved false a fine of 2s. and costs was inflicted.” 

“ Henry Warner, summoned for his son, aged ten, pleaded that it was no fault of 
bis, that his wife was master of the situation, and would not let the lad attend 
school. Case was adjourned for inquiry, which resulted in establishing the fact that 
[he defendant was certainly not the master of his household; but the magistrate 
jaid he ought to be, and fined him.” 
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A family like Bust’s shifts its residence out of London. The case drops out of 
the cognizance of those who have h» r g b<vn watching it, and new officers hate to take 
it up from the very beginning. TonJn'-* fmin'r i- n*-ver at home except on Sun** 
days ; and when the school board officer summons the mother, who has “ the actual 
custody,” Mrs. Tomlin slips through his fingers like an eel. Raymond’s father pre- 
tends that he has an impediment, and that schools won’t take him in. Poor War- 
ner has a wife who won’t let the lad attend school, and won’t let Warner send him 
there. There are forty cases for every one of these every week; two thousand 
times as many of such stories are told annually before the police-courts of London, 
every one of them with some ingenious variation of pretended excuse, or some 
miserable and perplexing real difficulty. 

The statistics of Liverpool are as follow : — The cost of compulsion is about 2s. per 
child on the roll (about 3s. per child in average attendance), which is about twice 
what it is in London. The increase in the average attendance on public elementary 
schools in five years is from 33,827 to 41,192, being 21 per cent., as against the 8 
per cent, of Ireland or the 75 per cent, of London. The average attendance has 
fallen from 70 per cent, to 64 per cent, of the number on the roll, which is very sig- 
nificant of the class of children brought in by the compulsory clauses. Besides the 
public schools the authorities of Liverpool estimate that there were 10,058 on the 
roll of all other elementary schools in 1871, and 14,300 of all others in 1875. Liver- 
pool has advanced, but very much more slowly than London. It started very 
much better than London did, and had far less leeway to make up. It is difficult 
precisely to compare its present educational position with that of London, because 
the non-public schools occupy much more of the ground in proportion than in the 
metropolis. Its population was 493,000 in 1871, and there were 14,000 seamen be- 
longing to the port. So far as school attendance goes there is probably little now 
to choose between the two cities. 

In Liverpool great attention is paid to the working of compulsory bye-laws. In 
the year ending October 1, 1876, 6182 notices were issued to parents, and 1817 pro- 
secutions took place in consequence. This would correspond to about 12,000 in Lon- 
don, the rate there being 8000. Before the parent is prosecuted parents are brought 
by the notices to meet a member of the board and the superintendent of visitors, 
and such meetings are held two or three times a week. For instance, the author is 
told, u In one small district, having about 2000 children, the parents of 355 were 
brought before a member of the board, and the present result is that 124 are regu- 
lars, 11 are delicate, 10 have removed, 6 are over age, 1 has been exempt, and there 
are 203 who are still irregular ; 24 of these have been summoned more than once. 
Those from the 203 who are still irregular who have not been summoned are not 
considered irregular enough for a summons.” 

The statistics of Manchester are somewhat similar to those of Liverpool. The 
Manchester attendance returns were first collected by the hoard in December, 1871. 
At that date the average attendance was 26,328, and the number on the roll was 
39,240. The last quarterly returns for the quarter ending June, 1876, showed 
82,220 children in average and 50,461 in roll attendance. Thus in 4| years the 
average attendance has risen 22^ per cent., or 5 per cent, per annum. The popula- 
tion of Manchester has remained practically stationary during the time, so that the 
same extent of increase was not to he expected as in the case, for instance, of Glas- 
gow and of London. But the general effect on the results of making the allowance 
would nowhere be of very great importance. 

The regularity of attendance may be measured as usual by the proportion which 
the average bears to the roll attendance. It was 67 per cent, in Manchester before 
compulsion, it is now 64 per cent. ; and the change signifies that a new class, whose 
attendance it is unusually difficult to secure or to make regular, has been brought 
into school. Attendance in Manchester has not fallen much under the pressure of 
the compulsory law ; but it was not higher before, and it is a little lower now than 
the average for all England and for Ireland. 

The compulsorypowers of the School Board are extensively used in Manchester. 
The dark of the Board tells me that the recent average is seventy or eighty cases 
brought before the magistrate per week. The pressure is exercised on two grounds 
—•non-attendance and irregular attendance ; and the board at present aims to con- 
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strain children to give at least 80 per cent, of possible attendances. The population 
of Manchester is 351,000, so that seventy per week — say 3500 per year — represents 
one prosecution for e\erv bund rod person.-. But this rate is only the existing or re- 
cent rate. ^ In the whole of IS 70 there were only 1039 prosecutions — say 20 per 
week, or 1 in 340 of the population. The author supposes that the increased activity 
of prosecution is largely due to the rise in the increased number of nl tendance-, 
from 00 to K) per cent., required under recent bye-laws, in the last week of which 
he was told the prosecutions amounted to as many as 130, which is pretty much the 
same as for the ten times more populous city of London. He does not know the 
expense of s6hool-board prosecutions in Manchester. Both in that city and in 
Liverpool the attendance seems to have become slightly less regular under compul- 
sion. 

In Birmingham the results are very remarkable. The city was the head-quarters 
of the Education League, and that powerful and intelligent organization influenced 
the School Board. Noblesse oblige. The first Binningmmi board felt itself bound 
to show what educational zeal could do. In December 1»71 the average attend- 
ance in public elementary schools was 10,203. Compulsion was not resorted to till 
May 1872. Then and since then the average has been ; — 


December 1871 


May 

1872 


1) 

1873 

28,035 


1874 



1875 

34,718 


1876 

38,817 


Thus in 4-J years the apparent increase in Birmingham has been 138 per cent. 
When account is taken of half-timers, according to the modes of computation of the 
department, the increase in these 4| years is the prodigious one of 150 per cent. In 
addition to this the proportion of average attendance to the roll attendance has risen 
from 02 to 70 per cent. These magnificent results make the record of the first two 
school boards of Birmingham memorable in the educational annals of England. 
They have not been obtained, however, without great exertions and severe pressure. 
Since May 1872 prosecution has been resorted to in 7515 cases, an average of 1900 
annually. At that rate the annual average for London with its 300,000 of atten- 
dance should be 17,000 instead of 8000. Birmingham manages compulsion cheaply. 
Prosecutions used to cost them £1000 annually ; they now cost, under a system of 
specially reduced fees, only £300. But the chief expense of compulsion in London, 
and probably everywhere, is due to the staff of visitors. The mere legal expenses 
of compulsionin London were under £.‘100 in the half-\onr cndictr Midsummer, 1876. 

The compulsory action taken in London, Birmingham, Manchester, and Liverpool 
is very stringent. In London there is one prosecution annually for every 450 of the 
population; in Birmingham about one for every 200; in Manchester about one for 
every 100 at present, and about one for every 340 in 1875. To the author it appears 
doubtful whether the poorer classes will long endure such a pressure with patience. 
As the conviction of the necessity of school attendance and the habit of obedience to 
the law deepens in the masses or the people we may hope, doubtless, that the same 
results, or others even more satisfactory, may he obtained at a far lower cost of legal 
process, with all the hardships and harassments which it involves. But it is diffi- 
cult to beliove that so much pressure is necessary. 

In these respects the procedure and experience of Glasgow are in remarkable con 
trast with that of England. The authorities started two years later than in Eng- 
land ; and as new schools have often to be built before children can be driven to 
school, the first years of compulsory action are always the least effective. The re- 
sults are these. In inspected schools, and not inspected efficient schools charging the 
same as board schools, there were 

i 

30,103 in average attendance in 1873 
36,568 „ „ 1874 

42,675 „ „ 1875 
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The rise in two years has thus been 12,572, or 42 per cent., a rate almost as remark- 
able as that of Birmingham, The percentage of a\eiage attendance to roll attend- 
ance amounts to 


79 per cent, in 1873 
76 „ „ 1874 

78 „ „ 1875 


which is still more remarkable. The latest results (October 9) are that Glasgow 
lias managed to raise her average attendance to 84 per cent, of the numbers on the 
roll. Some not inspected efficient schools are included in these estimates ; but they 
are a small fraction of the whole, and their exclusion would not materially alter the 
proportions of increase. They account for about 3000 children. Setting them 
aside, indeed, we should have an increase of 50 per cent, in the two years in the in- 
spected schools, which is nearly quite equal to that of Birmingham. 

The remarkable part of the case of Glasgow is the manner in which the compul- 
sory clauses have been worked. The Ola- trow M-cret is very simple. The board 
goes down among the defaulting parent-. Ii kling frequent meetings in their own 
localities, to hear the stories of the poor and to persuade them for their own and 
their children’s good. They try every thing before they prosecute. They distribute 
fly-leaves copiously, narrating the facts, so as to make every actual prosecution go 
as far as possible in persuading other people. Gentleness would be useless without 
firmness, and the Glasgow board has not worn its sword of justice altogether in 
vain ; but it has shrunk from prosecutions with an energy and a success which, now 
that compulsion is to be universal, it is hoped we may see widely imitated. In some 
rural districts, and perhaps with sensible women for compulsory officers, prosecutions 
ought to be almost unnecessary. The fact that the law is in the background ought 
there, at least, to be generally sufficient. 

The name of the convener of the Glasgow School-Board School Attendance Com- 
mittee will long be held in honour for a work unique in its character and in its suc- 
cessful result. In the three years of his reign the School Attendance Committee 
has dealt with 20,515, less by removals 2819, and exemptions 1684— say 16,000 de- 
faulting parents. Of these, 8000 sent children to school after a remonstrance and 
personal warning by visit of the officers ; 5800 more went to school after notice 
sent to them warning them of the possibility of prosecution following that notice. 
The members of the school hoard themselves met with the defaulting parents on 
eighteen separate occasions, and 1400 children of the balance of nearly 2200 were 
sent to school in consequence. Only 51 have been prosecuted during the three years 
of the action of the Board . Every thing is done to avoid prosecutions ; it is only 
when every thing else fails that they are resorted to. The ratepayers’ money is 
saved, the goodwill and the consciences of the people are enlisted in education, the 
work of future boards is made infinitely easier, ana attendance more regular than 
elsewhere has been secured. No part of the labour of the Glasgow board has been 
more profitable than the eighteen meetings held with defaulting parents, in different 
parts of the city where the people live, between February 1874 and January 1876. 
There were 1834 parents summoned to meet the hoard, 1 ils L r 2269 children. 

All but 250 of the parents answered. The board divided it - If i* m fragments, each 
sitting separately, and in the whole of a long day getting through about one hun- 
dred cases each. Mr. Mitchell has shown how to meet the greatest difficulty of the 
compulsory system. His is a kindly and patriarchal government. Parents are, so 
far, reasonable creatures, and an ounce of gentle hut firm persuasion seems to go as 
far with most of them as a pound of punishment. Even if, on a review of the whole 
circumstances, it might seem desirable, it might in some cases be difficult to go back 
on the decided steps which La^sf* been taken ; and these steps, it must be remem- 
bered, have been fairly effectual. In London and Birmingham the results obtained 
are undoubtedly satisfactory, and in Liverpool and Manchester they are consider- 
able. The author does not pretend for a moment to criticise the action of men to 
whose admirable labours this country and these great communities are deeply in- 
debted. He has no wish to make out percentages of credit for the different com- 
munities and school boards. If he did he should certainly have to take account of 
an infinitude of circumstances which he has neglected here. He is dealing only 
with actual results. But nobody will doubt that persuasion, with punishment in 
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the backjpound, is a better way than punishment if only it be a possible way ; and 
Mr. Mitchell has shown that it is possible in Glasgow, whatever may be the truth 
with regard to other great cities which have acted more strictly. Half the country 
comes now, for the first time, under compulsory laws ; and we may hope at least to 
disseminate education as widely as in Glasgow by the same wise and benevolent 
effort among a willing people. 

Compulsion costs far less in proportion in Glasgow than in Liverpool — about 
Is. 2d. per head of the average attendance, instead of Is. C d. in London and 3s. in 
Liverpool. The amount, which is £'2400 instead of £6700 per annum for Liverpool, 
is considerable, hut it is less than that incurred by more stringent action. The pro- 
cess has so far been equally effectual, and it cannot fail to leave the poorer classes 
in favour of, whereas the other mode of action may, one fears, leave them hostile to, 
education. The author in conclusion said : — 

There are few presentations of statistics to which some objection may not be 
taken, and the educational statistics of the lai ge towns under school boards, and of 
the country so far as it is under the official cognizance of the Privy Council, can 
form no exception. Some pm ate adventure schools for the classes that need ele- 
mentary education still sur\he, and a few of them may he efficient. It would 
scarcely affect my figures, the main value of which is comparative, if I attempted 
to estimate these additional elements in the problem on the inadequate data which 
are alone accessible. If we confine ourselves to the broad general conclusions which 
lie on the surface of the figures I have given, I think we cannot go \ery far wrong. 
I throw together the results for the five cities : — 



Cost of compul- 
sion per child 
in average 
attendance. 

Present rate of 
cases prosecu- 
ted annually of 
population. 

Annual in- 
crease under 
compulsion 
in children 
taught. 

Change under compulsion 
in regularity of attendance. 

London .... 

1*. 7 d. 

j 1 in 460 

16 

From to 76 

per cent. 

Liverpool . . 

3 s. 0 d. 

1 in 270 

4 

„ 70 to 64 


Manchester. . 

• • • • 

! 1 in 100 

6 

„ 67 to 64 


Birmingham. 


1 in 200 

31 

„ 62 to 70 

n 

Glasgow . . 

]«.’k 1 

j 

1 in 20,000 

26 

„ to 78 

ii 


I have not taken into account the educational position of the great towns at the 
beginning of the compulsory era, and that is undoubtedly an element (and a consi- 
derable element) in the problem. But there is none of them in which there was not 
room for very great advances, and in most of them ample room is still left for in- 
creasing both the amount and the regularity of attendance. The population of Manches- 
tcrJ^rinMiiiHv.bMNiOmi n-ihnii t hut of Hiimirghtim : hut the average attendance there 
is only 3:*.< >00. 3: ■.< •' h i in Birmingham. The London average attendance would 

need to be - trt* 1 • . i ■ ■: . • SO, 000 instead of 300,000 to reach the Biiu.ii u-l mu low 1 . 

The Glasgow attendance still remains very far below the point which it may be ex- 
pected to reach. I have contented myself with recording the rate of advance from 
a position far behind that which the great cities have now reached to one distinctly 
behind that to which they will probably soon attain. 

There is another point to which I have adverted already. The Scotch act does 
not, like the English act, suggest and authorize the making of bye-laws requiring so 
mamr attendances out of the whole number possible. The sheriff of Lanarkshire 
might refuse to recognize any standard the Glasgow hoard inclined to set up. But 
the bye-laws regulating the amount of attendance with which the English boards 
will be satisfied are permissive and at their own discretion, and if they choose they 
may dispense ,* and Mr. Hughes, a leading member of the Manchester School Beard, 
seems to think that they ought to dispense with such bye-laws. These rules multiply 
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statutory offences according to an arbitrary definition. They create and, as it 
were, authorize a recognized minimum of attendance. The Birmingham board hare 
no minimum named, and are therefore much in the same position as the Glasgow 
board. Their bye-laws require perfectly regular attendance, and they enforce them 
at their discretion. Perhaps the Glasgow board and the other Scotch boards could 
not if they had wished have prosecuted as frequently as their neighbour* in England. 
Mr. Mitchell thinks so, and relieves that a very great deal of the greater leniency 
and the smaller amount of prosecution in Scotland is due to the more lenient spirit 
of the framers of the Scotch act. lie is most probably right; and one of the main 
points to which I hope that this discussion may direct the attention of school boards 
is the policy or impolicy of very numerous and stringent bye-laws. But I must 
again disclaim any wish to assign credit to individual boards, or to seem to sit in 
judgment on their conduct. 

I think that my figures conclusively prove that the best results, both in increased 
quantity and regularity of attendance, are not necessarily connected with the 
strictest working of the compulsory law. Manchester, w r hich seems at present to he 
strictest, and Liverpool, which is third on the list, are lowest in both respects. Bir- 
mingham, which is second in strictness, is highest in increased quantity as well as 
in actual amount of education, and third in respect of regularity of attendance, which 
has risen there in a remarkable degree. London, which seems most lenient of the 
four great English cities, has increased education much more rapidly than Manches- 
ter or Liverpool, though it seems to have now reached very much the same level in 
respect of quantity. It has a more regular attendance than either of these cities or 
than Birmingham. Glasgow, which in respect of compulsory action by legal process 
is almost ludicrously lenient in comparison with the other cities, stands highest in 
respect of the regularity of attendance obtained, and second in respect of the in- 
creased quantity of education. Of course neither Glasgow nor any other board can 
reap where it has not sowed, and the paucity of legal processes is no sign that the 
Glasgow board did not spend an indefinite amount of labour in securing the results 
it has obtained. I am speaking only of the last resort to the pains and penalties of 
law, and I think 1 can scarcely be mistaken in saying that my figures almost disprove 
the theory that the tighter tne screw is pressed down in the way of actual punish- 
ment the more effective must the pressure become. 

I do not care to press the inferences that the facts I have collated seem to me to 
establish any further than these conclusions : — 

1. That the need of the country for compulsory education was a crying need in 
1870. 

2. That the success of the experiment which has now been tried in Scotland and 
in nearly half of England justifies the modest advances that have been made by the 
government in the hill of the present year. 

3. That compulsion has been carried out in one great city with perfect efficiency, 
and with a very trifling amount of legal process. 

4. That no connexion between stringent legal compulsory action and great educa- 
tional result is indicated by the figures. It is almost needless to say that I do not 
suppose that a school board can safely leave the matter to take care of itself. 


The Valuation of Property in Ireland . By Henry Jephson. 

An increasing desire has latterly been evinced for the assimilation of the laws of 
England and Ireland, Amongst those which should be assimilated are the laws on 
the valuation of property. In England and Scotland the valuation is based upon 
tbe rent, in Ireland it is based on the prices of agricultural produce. Very strong 
reasons can be adduced for the revaluation of Ireland. The present valuation has 
practically not been revised since it was made, about twenty-five years a^o ; tbe 
value of property has, however, changed considerably, and great inequalities exist 
as to tbe incidence of taxation. A revaluation being therefore necessary, it is 
recommended that the English and Scotch system be adopted^ for not alone is that 
system more correct, but by adopting it the principle of valuation of property would 
be made similar throughout the United Kingdom. By acting on this recommenda- 
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tion we should remove the inequalities in the incidence of local taxation ; we should 
also remove the necessity for a large amount of separate legislation for Ireland, 
which is entailed by a different valuation, and we should make another and a great 
stride towards an object, on many grounds most eminently desirable, namely, the 
assimilation of the laws of the two countries. 


On Physical Education and Hygiene in Schools . By W. Jolly. 


On the Organization of Original Research . By Rev. Dr. M‘Cann. 


On Spanish Mining , By Don Arturo de Marcoartu. 


On the Depreciation of Silver and a Gold Standard for India , 

By Stephen Mason. 

The author proposed, as a simple and effectual remedy, the altering of the standard 
of value from silver to gold. The substitution of the one standard for the other might 
be carried into effect by the following method : — Let the Indian government adopt 
a gold standard as a measure of value as soon as practicable, and without delay fix 
a date when all transactions shall be paid or settled upon a sterling basis for all sums 
exceeding ten rupees. This plan did not involve the necessity of altering the cur- 
rency of India — a very delicate and difficult operation, as Germany has found to 
her cost. The substitution of a gold for a silver currency in India would require at 
least £100,000,000 of gold, and entail a loss upon the Indian government of not less 
than £20,000,000 sterling, possibly much more, besides dislocating the whole money 
markets of the world, and in all “probability lead to a great financial crisis in this 
country. This policy should at once be dismissed as impolitic and unwise. 


On the Silver Dilemma. By J. Matheson, Junr. 

The well-ascertained facts affecting the question were : — 1st, that the price of bar 
silver, wliich for many years previous to 1873 bad been sustained with little fluctu- 
ation, the average being almost 60 \cC. per oz., had since that period steadily declined 
(the drop as regarded the present year especially being unequalled), viz. from 66d. 
in January to 4 Id. in July; 2nd, that the downward movement was influenced by 
a variety of causes, of which the principal were the increased production of silver, 
and the falling off or a blank in some sources of demand ; and 3rd, that the extra 
yield was entirely accounted for by the increase of the production of the American 
silver-mines from £5,750,000 in 1874 to £7,400,000 in lo75, with the prospect of a 
further increase in the present year. 

With respect to the various schemes put forth for a reform of the Indian currency 
he described as errors the idea of supposing that the value of the rupee could be 
raised by legislative measures otherwise than locally, temporarily, and with gros&in- 
justice towards one section of the community, or that a double standard might be 
adjusted and sustained with impunity, or that the mercantile public of India could 
be' forced to import gold for the currency purposes of the country, without being 
the victims of a one-sided policy. If a gola currency were desirable for India the 
government alone, following the example of Germany, might fittingly provide it. 

The general conclusion was that there was nothing in the existing crude to war- 
rant the demonetization of silver ; and further, that the principal silver-valuing 
countries, even if they desired to do so, were not possessed of such wealth as might 
render the attempt practicable. The question was essentially fraught with uncer- 
tainty. He could not but think, however, that the more thoroughly we grasped it 
the more clearly did we perceive the all-dominating power of those great natural 
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laws, any interference with which would produce confusion worse confounded, and 
on tne operation of which we might reasonably rely for relief from the present 
emergency if we would only let them alone. 


On Overcrowding in Liverpool . By E. W. Pitcher. 


On the Educational Value of their Native Language to the G a elio-spealchiy 
Population of Scotland. By Eev. W. Eoss. 

The author stated that his experience, which was fortified by that of the govern- 
ment inspectors, of Sheriff Cleghorn, Sheriff Nicholson, Bishop Eden, and others, 
was that the effect of banishing the use of Gaelic from the classes in English or 
Highland schools was that children were taught to read English fluently enough 
without understanding the meaning of what they read. Dining the past ten years 
he had examined ten thousand Highland children, and he was cominced that satis- 
factory educational results were to be obtained only by pursuing a different method 
from that of excluding Gaelic translation which had hitherto been followed. To 
ignore or exclude the native language from the school was to prolong the use of the 
Gaelic language (a prolongation against which he did not personally object), and to 
do so at the expense of i«si- V.\j\ ii<-»\ ••duration, and culture. The only way to obtain 
an intelligent acquaintance \\.:h in a large section of the country was to 

make use of the native tongue in explaining the meaning of English terms ; and the 
admitted failures in the past were in his opinion to be traced to the irrational method 
so long and extensively practised. 


Sheriff Courts and Relative Judicial Statistics . 

By E. Eussell, Sheriff- Substitute of Roxburgh . 

The author gave an historical sketch of the Sheriff Courts, which took their pre- 
sent form after the rebellion of 1745. At present the Sheriffs appointed their own 
substitutes, and the aggregate salaries of these judges were nearly £40,000 per 
annum. The jurisdiction of the courts extended to all criminal offences except the 
four pleas of the Crown ; and during the last three years the number of people 
tried in the Court of J usticiary annually was 507, and in Sheriff Courts 2012, be- 
sides what were known as summary trials. After the establishment of the Court 
of Session in 1532, the jurisdiction of the Sheriffs in civil matters was limited, 
though still extensive. The average annual number of final judgm> a :4« during the 
five years from 1870 to 1874 in the Court of Session was 12o0 ; and in the Sheriff 
Courts during the same period were — ordinary court 5470, debts recovery court 
2559, and small debt court 38,458. The appeals to Sheriffs during the last three 
years had averaged 527, of which 341 were sustained, 180 received, and 100 mixed. 


The Civilization of South-Eastern Africa . By James Stephen son. 


On the Theory and Practice of Accident Insurance bu Sea and Land . 

By P. M. Tait. 

Commencing by about thirty definitions of the word “accident” according to 
various authorities (very useful information for insurance companies), the paper 
treats separately in great detail of ocean accidents, railway accidents, and general 
accidents. 

As to ocean accidents one curious fact was brought out, that these vary 
with the age of the captains commanding the vessels, there being apparently "a 
certain epoch in the life of a master mariner when danger of disaster is reduced 
to a minimum. Other things being equal, passengers are safer to sail under a cap- 
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tain of about 60 than under one of an earlier or more advanced age. The entire 
premium to cover increased risk of master mariners is from 80s. to 40#. per cent, per 
annum ; that is to say, if a clergyman or barrister can obtain insurance on his fife 
for £100 at a premium of £4, the premium required to insure a master mariner of 
the same age would be from £5 10#. to £6. This is the ratio all round, but captains 
of Cunard’s and other first-rate lines would of course be insured for less. 

As to railway accidents the facts were not brought up to the latest dates. But 
it Comes out very clearly that the risk to railway officials actually employed on the 
line is excessive. Nearly all railway accidents are remediable, and the chance of 
disaster could be still vastly reduced by a universal adoption of the block and 
interlocking system, the use of perfect brakes, and other improvements long ago 
suggested. 

The mortality from accidents generally is a very important and interesting de- 
partment of vital statistics. The number of accidents occurring in England and 
Wales is reproduced from year to year with extraordinary regularity, indicating the 
operation of a fixed law. Excessive division of labour has a tendency to increase 
accidents by the introduction of new machinery, at first often imperfectly under- 
stood. The introduction of rinks and bicycles has led to a wholly new class of 
accidents requiring special medical treatment. 

Insurance offices charge the same premiums against an unforseen casualty from 
the ages 16 to 60. But from very recent data wholly reliable it was very clearly 
Rliown in the paper that the mortality from accidents increases greatly at the 
more advanced ages, and that consequently some difference should be made in the 
premiums applicable to those ages. It is not that there are a greater number of 
accidents at those ages, but that there is less power of rallying from the effects of 
an accident. 

The paper concludes with specimen policies of the different companies, showing 
the risk covered and the general conditions of the accident insurance contract. 


On the Boarding-out of Pauper Children in Engla'nd. By War. Tuliack. 

The author said that the system had been adopted for five years in England, but 
in consequence of want of information, and an unfounded confusion in the public 
mind of the system with the obnoxious and wholesale farming out of children with 
which so many evils and cruelties were associated, it had not made the progress 
which might have been anticipated. He warmly advocated tbe system, more espe- 
cially for girls. In contrasting it with the workhouse plan, he drew a vivid picture 
of the evils attending the association of children with adult paupers who were 
often vicious, and with other children, many of whom had been swept from tbe 
streets. In the system of district schools he recognized a great improvement, but 
he did not think it was equal, especially in the case of girls, to a system of boarding 
them out singly in carefully supervised cottage homes. But the district school 
system was also objectionable on the score of cost. A sort of institution mania bad 
taken possession of many minds. It seemed to be assumed that both adults and 
children should be gathered in masses and lodged in palatial abodes at the public 
expense ; and parents were tempted, he believed, to suffer their children to go into 
these places where they could get an excellent education with all the advantages 
of a costly middle-class school at the public expense. The Scotch people, with 
proverbial natural shrewdness, had perceived and warded off this danger which 
was burdening England. Poor persons in Scotland were not tempted to throw 
their children on the rates by providing them with these palatial edifices. Whereas 
many such children in England cost from £20 to £80 per annum, the offspring of 
destitute Scotch poor were as well or better cared for as a body for £10 each, being 
trained under careful supervision in healthy and well-selected houses amongst the 
labouring classes, where they were never subject to the influence of the workhouse, 
but were gradually and naturally introduced into llie wholesome conditions of 
family and industrial life. This wise system of supervised boarding-out was being 
gradually adopted in England, and it was to be hoped that in a few years it might 
become the general rule at any rate for pauper girls. There were altogether 673 
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poor-law unions in England, of winch 127 had adopted the hoarding-out system in 
greater or less degree for some of their pauper children* There were, in addition, 
forty-seven Welsh unions, of which thirty had adopted the system. The number 
of children boarded out was in England 1500, and in Wales 900. In nearly all the 
cases where the system had been applied it had been found very successful ; and the 
writer of the paper supplied a large number of extracts from reports from Bir- 
mingham, Clifton (Bristol), Chorlton (Manchester), the Cumberland Unions, and 
theagricultural districts in Kent, showing that where the system was applied chil- 
dren were cared for at the rate of from £10 to £12 a year, that the children 
boarded out were improved in health, and had been readily drafted off into situ- 
ations. The only cases in which the system had failed in accomplishing these blessed 
results was where there had been a neglect of supervision. He therefore advocated 
the formation of ladies’ visiting committees in connexion with the unions. At pre- 
aent the n umb er of district and separate schools was very small as compared with 
the number of pauper children. The erection of many such costly institutes was 
attended with pecuniary difficulty and was of questionable expediency. On the 
other hand, sound econpmy and efficient results were combined in the application 
of the system of boarding-out, especially for children ; but the system should be 
applied in its completeness and entirety, and with frequent oversight by judicious 
viators, and provision for the religious and moral education of every child. 


The Prevention of the Pollution of Rivers. By the Rev. R. Thomson. 


The Statistics of the Indian Opium Revenue . By the Eev. F. B. Turner. 

The last debate on the Indian Budget in the House of -Commons demonstrated 
the vital importance of the opium revenue ; it is therefore important to inquire into 
the probable stability of this revenue. At first sight an inspection of the returns 
from 1792 to 1872 is highly encouraging. During this long term of years we mark 
an increase, steady on the whole, though with minor fluctuations, from £292,751 to 
£8,600,000. Not so satisfactory is the increasing relative importance of the opium 
revenue, which from being in 1792 one thirteenth of the land revenue, and one 
twenty-eighth of the total revenue, has now risen to the serious proportions of more 
than one third of the land-revenue, and more than one sixth of the total revenue. 
These figures refer to the gross revenue, and have to be slightly diminished for the 
net revenue. Making the necessary deduction, opium has in eighty-three years 
yielded the total net profit of £184,000,000, which may be taken as a partial set-off 
against the sum which British rule has cost India during the same period. 

High authorities have warned us that we ought not to rely upon the continuance 
of t his income ; among others, Sir Charles Wingfield, six years ago, in the House 
of Commons ; and this year, Sir George Campbell in the ‘ fortnightly Review.’ 

Our lucrative monopoly of the China market is threatened by the competition of 
the Chinese themselves. This competition has been held in check by their own 
government, which, however, has gradually relaxed its opposition, and now threatens 
to abandon it altogether. The poppy has spread enormously in China since 1803. 
For the last four years there has been a diminution of our opium revenue, which 
may be the beginning of a continuous decline. Some recent items of news from 
China show that there is still some uncertainty about the direction Chinese policy 
will take. J, S. Mill has pronounced against interference with the opium trade ; 
hut, according to his own principles, an argument may be advanced in defence of 
the Chinese prohibitory b'crislntion. Great difficulties are thrown in the way of this 
legislation in China by the polilic.il action of Great Britain. Thus opium may per- 
haps still continue to bolster up Indian finance until moral laws work out some 
unexpected, but not undeserved, retribution. 
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MECHANICAL SCIENCE. 

Address by Charles W. Merrifield, F.R.S., President of the Section . 

It is generally most useful and most interesting to intelligent listeners to hear from 
those who address them that which is the most familiar to the mind of the speaker. 
Passing by the question of primary education, I propose, therefore, to review briefly 
our shortcomings in those subjects of instruction which are the necessary preludes to 
natural, and especially to mechanical, science. I then propose to direct your atten- 
tion to some points dependent on the crowding of the population, and especially to 
those consequences of it which are chiefly interesting to the Section of Mechanical 
Science. 

To such an assembly ns I see before me it hardly needs that I should say much 
on the importance of a widespread knowledge, as sound and exact as it can be made, 
of the nature of all things about us. We need this not only as a nation to compete 
with other nations, but we also need it more and more every day as men. The 
crowded condition of the earth at this day is in the strongest contrast to its state in 
the early days of our race ; and the necessities of our life then and now are in as 
strong contrast as those two conditions, or as the numbers who lived and live sub- 
ject to them. Even in the early days there was more knowledge afoot than the 
thoughtless among us dream of. At no stage of man’s history was life to be held 
on easy terms, ana to those who in early times neglected the knowledge necessary 
to take care of themselves and those about them the penalty of their remissness was 
short and sure. It is not less certain now. Equal difficulties and dangers still 
beset us, and are to be met with in the same way — by acquiring knowledge, and by 
applying it with industry and judgment. Only the knowledge that we want is 
greater now than then, and, being a higher development of knowledge, it requires 
to be more systematically learnt and taught. This is an absolute necessity to us if 
we wish to extend, or even to preserve, the possibility of our maintenance in such 
masses as are gathered together in Western Europe, and in such towns as London 
or Glasgow. 

Although the possibility of our existence as we are has been the consequence of 
our ancestors, whether advisedly or not, yet successfully, following the law just 
indicated, it is one of the concomitants of their success that we have brought up 
amongst us the weak and foolish, who have received the benefit of the knowledge 
and industry of others without |m: t*ri|-«i:i! ir in either sufficiently to understand the 
conditions which have rendered possible an ignorant, an idle, or a vicious life. Just 
as the citizen of a country which has been over long at peace does not understand 
that his safety depends upon the fighting power of himself and of those who will 
take his part, so there are some in our midst who do not see the danger of ignorance 
or the waste of idleness. Those among us are perhaps few who do not recognize 
some disadvantage in ignorance and indolence ; but there are, I fear, many who fail 
to realize the urgency of • \ i : * : 1» th to the uttermost. Let me not be mis- 
understood ; I do not sugg :i. :'■■■■■■ should be no pause from learning or from 
exertion ; life would not be worth having without its intervals of ease ; but the 
enjoyment of these precious intervals is only to be purchased at the expense of 
habitual thought ana exertion ; and, in our present social condition, we cannot 
safely neglect to afford to all amongst us opportunities of cultivating observation 
and thought. 

These remarks may seem to you something like li slaying the dead.” To those 
engaged in the active work of mechanical industry, ignorance, stupidity, and indo- 
lence are the enemy at the gate, with whom there is and can be no truce. But let 
me ask even you whether you have not among your circle of acquaintance many 
who think that the erudition of a few and the ignorance of the many is a better 
state of things than the universal and systematic instruction which, happily for our- 
selves, our representative assembly has now determined to secure for all amongst 
us. Let me ask whether there are not some who think the study of history or 
literature far more important than natural science ; some also who think that reli- 
gious teaching supersedes all other learning. All these doctrines are in mj opinion 
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false, and dangerous to society. I do not undervalue either religious teaching or 
historical knowledge. Of the former, this is not the place in which it would become 
me to speak, even were I its authorized exponent. Of the latter it would be almost 
equally propos-terou* to speak slightingly. No one feels more keenly or practically 
than I do that the past is the key to the future, and that all our knowledge depends 
Upon experience. Not only do 1 acknowledge this as an abstract truth, but I have 
myself cons* a 1 illy been driven to historical study before I could attain any real mas- 
tery of the u.irli which lay before me in any of my pursuits, even of natural science. 
Moreover my habits and instincts have a strong bias in that direction, my early 
education having been classical and legal, and my first actual employment having 
been in the archaeology of painting. It is, therefore, with no prejudice against 
useful scholastic learning that I raise my voice against the misdirection of education. 
Still less is it with any prejudice against the exactness of the knowledge to be 
acquired. 

Let us for a moment reflect upon what marks the difference between what we 
are pleased to call civilization and barbarism — what distinguishes the Anglo- Ame- 
rican from the Red Indian, the Russian from the Tartar, the Western European 
and his colonial congeners from the races which he is governing or replacing. It is 
not, or at least assuredly not alone, by muscular superiority, nor is it by mere 
astuteness ; the savage or the half-savage competes with us very favourably in both 
these respects. To emphasize the real difference, let us go a little further back, and 
ask ourselves why the Dear and the tiger are no longer a terror to us, and why we 
feel secure of the predominance of man, at any rate against the larger and fiercer of 
the dwellers in the earth, the water, and the air. This predominance is due solely 
to the command which our intellect has given us over the material powers of nature. 
Physical science has enabled us to set these against the mere unaided strength of 
brutes. Superior and more exact science has enabled the dominant races to bring 
more of these material forces to bear upon their enemies than the barbarous tribes 
could array against them. This is so universally admitted as a principle that its 
real application is often forgotten; and there are many who think that our chilization 
has in it something sui generis , some special innate principle which assures U3 
against barbarian attack, instead of regarding it in its proper light, as merely one 
element of strength which may turn the balance in our favour, provided we are 
equally, or nearly equally, matched in other respects. But history is not wanting 
in terrible lessons of the utter destruction of civ ilized communities. Lomr-o»miinued 
security and the accumulation of mechanical appliances carry with them and foster 
the seeds of social decay. 

These, perchance, are remote contingencies, although even to nations disaster 
comes unexpected. 

More immediate and more obvious risks are these : that we may be beaten by 
other nations, not in a struggle for bare existence, but in industrial competition, 
and that the crowded population which has to be maintained in these islands, and 
which former prosperity has accustomed to expensive habits of life, and not to the 
endurance of scarcity or hardship, may not find the means of exchanging its labour 
advantageously for the material of its sustenance ; or that ignorance of the condi- 
tions of health, or inattention to its laws, may expose us to disease. Not all of us, 
I conjecture, have realized how much more difficult and costly it is to keep in pro- 
sperity and health the enormous agglomerations of humanity which Western Eu- 
rope on the one hand, and China and India on the other present to us, than to feed 
the scattered populations which occupy the less crowded regions of the globe. I 
think some of us are now beginning at least to understand that there are material 
difficulties in keeping any large collection of one group of animated life together, so 
that each individual shall not intercept or contaminate the sources of nourishment 
of himself or of others. 

Now what I wish you to reflect upon is, that these difficulties are material, and 
are therefore to be met by a thorough and widespread knowledge of natural science. 
With thin populations, which have more to fear from war and famine than from 
want of elhowroom, political and historical knowledge in llu* go\crning class is more 
important than exact natural knowledge in the administrative class. As the popu- 
lation thickens, the latter assumes more and more relative importance ; and wnile I 
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do not think political wisdom will ever lose any of its value, I think it only a part of 
that political wisdom to recognize that in such communities as ours the spread of 
natural science is of far more immediate urgency than any other secondary study. 
Whatever else he may know, viewed in the light of modern necessities, a man who 
is not fairly versed in exact science is only a half- educated man ; and if he has sub- 
stituted literature and history for natural science, he has chosen the less useful 
alternative. 

One of the obstacles to the spread of science, and to our national prosperity, then, 
I take to be the undue preference given to literary over natural knowledge, and, in 
particular, the sacrifice of mathematical to classical study in the secondary school. 
If you ask me why I lay so much stress on mathematical teaching, my answer is, 
that we need to study natural science exactly and quantitatively, not merely to cram 
our memory with the qualitative characters of a few phenomena. Now, if we are 
to count, to measure, to weigh, or otherwise to ascertain quantity, we are really 
practising arithmetic, geometry, and mechanics. If we can learn these more ad- 
vantageously than by the ordinary course of mathematical study, we shall simply 
change the form of that study without evading the thing. But in truth mathe- 
matics are too well understood, and on the whole too sensibly taught, to admit of 
any great subversions. Improvements in detail, and in the selection of the most 
useful branches for study, there is doubtless room for, and indeed these are being 
daily made. The chief faults I notice are in teaching algebra too late, and in 
teaching Euclid (so called) too early. I regard abstract geometry as a foolish 
study, unless accompanied, and even to a certain extent preceded, by the practice 
of linear drawing. This is too often neglected. Moreover, I do not consider that 
what is called Euclid — I use this expression advisedly — is the best possible text- 
book for abstract geometry. I doubt if Euclid, if we judge him by the best Greek 
text handed down to us, is suited to our modern requirements. What we actually 
use is not Euclid, but only isolated portions of his book, freely altered by Robert 
Simeon. In my opinion the omissions and alterations have deprived the book of all 
lifelike vigour and human interest, and have made it as dull to the mature reader 
as it necessarily is to the unfortunate boys whose fir&t introduction to geometry it 
too frequently forms. 

Apart from the general fault of gi\ ing too low a place to mathematical teaching 
(a great fault, and one which we are only slowly mending) is our not paying suffi- 
cient attention, and sufficiently early attention, to mechanical and geometrical 
drawing. On this point I need add but little to what was said by Prof. Fleeming 
JenHn in his address to this Section at Edinburgh in 1871. That is possibly the 
point on which we compare least favourably with neighbouring countries. One 
important remark of his 1 am anxious to give prominence to, and that is, that de- 
scriptive geometry is not what is wanted. I fear, indeed, that many teachers of this 
subject have tailed to realize its true meaning, and confuse it with the theory of 
geometrical projection, of which it is in truth a development and extension, not a 
particular application. So far as the preliminary chapters of an elementary work 
on it are concerned, the confusion is natural and perhaps not very material; for all 
that relates to the point and straight line is simply plan and elevation, and the plane 
needs but little more. But the characteristic feature of descriptive geometry is due 
to the fact that surfaces cannot (with the exception of cylindrical surfaces) be 
represented by plan and elevation. They are therefore, in this science, indicated 
by a general and systematic method, which, without representing them to the eye, 
enables us to handle them geometrically, to find their intersections, their tangents, 
and their shadows, with the same certainty as if we had models before us. So far 
as points and lines, straight or curved, are concerned, it does not differ from geome- 
trical projection ; the difference is, that it deals effectually with planes and curved 
surfaces, which geometrical projection cannot do. To those who have to deal with 
curved surfaces it is as important as linear drawing is to the student of plane geo- 
metry, because models are practically unprocurable, and conception in three dimen- 
sions is not easily got, except through descriptive geometry. But for ordinary 
school purposes it is a very barren exercise. I state this advisedly, being thoroughly 
familiar with both its use and abuse. A much more important exercise of geo- 
metry, and one more immediately useful, is the geometrical representation of artth- 
1876. ' 19 
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metic, such as we see in diagrams of thrust, pressure, speed, work, temperature, 
heat, rainfall, and so forth. J3ut I think this will take care of itself provided linear 
drawing be taught sufficiently early. 

I should leave my remarks incomplete if I did not make what you may ait first 
sight think a digression, namelv, some observations on our practice of teaching 
languages, especially Latin and Greek. But as they do form one side of education, 
and as we should only be half-educated without them, it is important that they 
should be effectually and economically taught. And to none is this more important 
than to those who need to use them, but w r ho can spare little time from their more 
essential study of natural science. I think all w ho \alue time will admit, if they 
allow themselves independent reflection on the subject, that Greek and Latin are 
taught too much as exercises of grammar and too little as hiMirunn It is the same 
fault as we have had in mathematics, where making boys learn Luelid has been 
taken to be the same as teaching them geometry. Now teaching grammar and 
“ construing ” bears to language tne same relation that drill does to marching or 
shooting, or that swimming on a table does to taking the w'ater. In all these 
matters we have learnt that moderate drilling and plenty of work is the best com- 
bination ; but we have not yet learnt this lesson in reference to the classics. Our 
ancestors had learnt and practised it. They spoke Latin in the schools, and to this 
the drill-work of Lrnmmiar and syntax was the proper complement. I hope you 
manage things belter in Scotland; but in England it is the rule to spend from six 
to eight years in learning Latin and Greek, and it is the exception to be able to 
read either. 

If we cannot escape the effects of this scholastic tendency to exaggerate the 
importance of intellectual gymnastics over actual knowledge in classical and geo- 
metrical teaching, let us at least do our utmost to present its being extended to 
other languages and to other studies. There is a class w hich is exerting pressure 
that way. 

I speak the more fearlessly on this subject, because, having most strongly advo- 
cated the extension of pure mathematics, I cannot possibly be mistaken for an 
objector to exact learning. 

Now, returning to the subject of mathematics, I think one cannot fail to be struck 
with the increasing tendency which they exhibit to pervade all study of natural 
science. 1 need not a>k you whether it is wanted for mechanics. In the older 
books on chemistry, electricity, and so forth, it was quite an unusual thing to meet 
with an algebraic formula or a geometrical theorem. Now, on the contrary, we 
find that one half of chemistry is pure algebra : organic chemistry, in particular, is 
nothing but a special branch of algebra coupled with the experimental — I had 
almost said accidental — fact that its formula are represented by actual combina- 
tions. This disguised algebra enters so largely into chemical teaching that I have 
seen full marks obtained in an elementary examination paper on chemistry by 
students who really knew nothing of the science, but who did understand algebra 
well. I have recently seen a great deal of scientific work passing through the press, 
and I have been much struck by the w r ay in which pure mathematics continually 
present themsehes in all branches of knowledge. The reason is not far to seek. 
We have passed the merely descriptive stages ot knowledge in most sciences, and 
when we come to quantitative study — that is to say, to discuss number, measure, 
position, and force — we are using mathematics, whether we know it and choose to 
call it so or not. Moreover, so far as we at present know, ordinary mathematics 
are the simplest w ■ *»■ ■ *■ . and measuring. 

I may mention, .■ . :• \. I think there are e\ idences that mathematical 

knowledge is spreading in many directions. Apart from what is doing in the uni- 
\ entities and high schools, I have myself an opportunity of observing it elsewhere, 
as the examiner for elementary pure mathematics for the Science and Art Depart- 
ment. This year, in particular, 1 am able to say that there has been a very marked 
improvement in the knowledge of the candidates under examination, and I think 
the teaching of the science classes under the department is really beginning to tell 
in this important subject. Compared with the requirements of this country, it is 
but a small matter, for there are only about 7000 candidates annually, and these 
candidates come up more than once. Nevertheless it is good so far as it goes, and 
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I hope to see a great extension of the instruction in this as well as in other 
directions. 

Assuming the possession of a certain amount of knowledge, which is now all but 
universally spread, the only real difficulty of a thin population in a temperate 
climate is the protection of life and property. That assured, they can without 
difficulty supply their material wants in the way of animal and vegetable food and 
of clothing. A very little and generally a very easy selection ensures a sufficiently 
pure water supply. Moderate cleanliness will secure sweet air in the houses, and, 
except in the fens or in certain valleys, there is always pure air out of doors. I do 
not assert that these conditions always exist in sparsely peopled countries ; it is 
sufficient that they may, and sometimes do, exist. 

Insecurity first, and therewith scarcity of food, have been sufficient causes in most 
countries and in most times to compel aggregation. Towns, and even large cities, 
are quite as much a consequence of barbarism as of civilization. The real problem 
of civilization has been to render life tolerable in such aggregations, and that problem 
is only yet partially solved. We shall see by-and-by that it is now presented to us 
in a new and very troublesome form. It has always been a very difficult question, 
and the sacrifice of life due to its imperfect solution has been enormous, and is 
still large. 

Among the difficulties of town life I reckon chiefly : — 

1. The insufficient supply of fresh air, whether from overcrowding within the 
houses, or from narrowness or unwholesomeness of the streets. 

2. The mere proximity of individuals facilitating the spread of contagious or 
infectious disease. 

3. The getting rid of excreta or waste products. 

4. A wholesome water supply to be provided and kept pure. 

Of overcrowding I need not say much here ; the circumstances which determine 
that are the concern of Section F rather than of the Mechanical Section. In this 
country at least it does not fall to the engineer to plan new cities in the wilderness. 
What he can do is to palliate the effects of overcrowding by supplying the means of 
ventilation and cleanliness. I do not propose to-day to entangle myself in the 
great and complex problem of ventilation j yet it is well not to pass one or two 
points unnoticed. 

It is rather difficult to say what pure air is. So far as health is concerned, the 
wind off* the sea or the mountain is pure, or as good as pure. Whether the east 
wind be so or not is an open question. I suspect that its unpleasant character is 
due more to its dryness, and consequently to its chilling effect — an effect quite 
independent of its temperature — than to any actual contamination. Meat and 
milk, at any rate, will keep good with an east wind at least as well as with a west 
wind. However this may be, we are all sensible that when we are to leeward 
of a large town the wind smells of the town. Not to mention factories and 
unsavoury trades, one day it lias passed over miles of hot roofs and walls, and 
streets of unclean dust ; another day, tho rain or the watercarts have converted 
miles of street into a reeking slough, compared with which a natural fen is a 
cleanly thing. In any case we know and feel that we are breathing the waste 
products of human industry and of human life, to the detriment of our vitality, as 
well as to the offence of our nostrils. 

I do not think sufficient attention has been paid to the mischief which may 
arise from copious watering unaccompanied by careful scavenging. We all know 
what town mud consists of, its wholesomest element being probably what makes 
it look the worst, namely, soot. In London there are hundreds of acres of mud and 
dirt kept almost constantly moist, by rain when there is any, and bv watercarts 
when there is not. Now it seems to me that, merely looking at it from a broad 
general point of view, this is not likely to be healthy ; it seems to combine ail the 
conditions necessary to the carrying on of unhealthy putrefactive and vegetative 
processes on a very extensive scale. I do not pretend to estimate the quantitative 
effect of this as an element of disease, but I think it would be making a large 
demand on your faith as well as mine to ask you to doubt its qualitative effect. 
At any rate, I think we ought to consider very seriously whether mere watering is 
any proper substitute for careful and complete scavenging, and whether, in fact, we 
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are not spoiling a useful process by an unintelligible application of it — one of the 
great dangers of improvement . 

The second point which 1 have mentioned— the facilitation of contagious or 
infectious disease by mere proximity — is obvious enough in its generality. Its 
details belong to Section D. 

The atmosphere is probably a much greater carrier of noxious germs than water; 
but, as Dr. Tyndall has judiciously remarked, the aerial germs appear to be some- 
times in a less forward, and sometimes, perhaps, in a more effete, state of develop- 
ment than those which are met with in water, or which have once taken root upon 
moist tissues. On the average, therefore, resistance to them is probably easier. 
However this may be, it is clear that we cannot subject the supply of atmospheric 
air, which is necessary for our lungs and skin, to the same complete chemical or 
mechanical treatment as we can, and do, when necessary, our supply of drinking- 
water. Any attempt at the disinfection of air of doubtful purity must necessarily 
be of the crudest and most empirical kind. In the present state of our know- 
ledge and resources it can hardly be of interest to the engineer. 

The third point affords a remarkable example of what I have just mentioned as 
the greatest danger of all improvements — their unintelligent use. No one can 
deny that the watercloset and the sewer are great mechanical improvements ; yet 
they have been great carriers of disease. As applied to the particular problem of 
getting rid of waste products, especially solid products, I do not think they were 
any improvement at all on much that we already had. In many towns in Great 
Britain, where there previously existed a well understood and well carried out 
scavenging system, I think they have done more in saving trouble than in con- 
ducing to health. I think the real key to the problem -f .*■ : ■ of the nuisance 
of waste products is to be found in the old aphorism m#' i* *.mply matter out 
of place. Hence the first step is to take care that such products shall not become 
waste ; and one condition of this is, that they should not be carelessly mixed. The 
greater part of the sewage difficulty is, I think, simply the result of neglecting this 
truth. It is especially the case with London sewage. With our water supply, our 
watercloset system in hou, es, our drainage of houses, factories, and streets all 
together, we have accumulated a river of filth, the complex admixture and 
enormous mass of which have rendered it most difficult and dangerous to control 
effectually. I think we shall yet be driv en to meet the difficulty at its source in 
the way suggested — by dealing with It in detail, subdividing both from house to 
house and from kind to kind, and allowing nothing but the mere washings of the 
streets to get into our sewers at all. So far as the getting rid of waste products is 
concerned, I believe we must be content to write off the whole cost of our Metro- 
politan Main Drainage. 

There is another undoubted improvement which the legislature has decided upon 
applvir g to London, concerning which I feel no small amount of misgiving lest it 
should be applied without intelligence ; and that is, the constant supply of water in 
place of the intermittent cistern supply. Asa mere mechanical convenience it 
will be a very great improvement ; but I foresee two dangers, one of sewage con- 
tamination through the waterclosets, the other the waste of an article already 
becoming scarce. The first is no idle fear. The experience of Croydon and other 
places has shown that it is possible to make the water supply and the sewage a 
circulating system, with fever or cholera as its inevitable consequence. It has 
been bad enough in several places of moderate size ; but in London, whether we 
regard it with reference to the mass of contaminating material, or to the quantify 
ofnuman life to be affected by it, the risk has a much more serious aspect. I shall 
be sorry to see the constant supply established in London without taking some 
effectual security, either by the interposition of cisterns or otherwise, to prevent 
the possibility oLback draught from the cess to the drinking-water. Without some 
such precaution, I think the mechanical improvement may be a fatal gift. 

I have said that the problem of the crowd, if I may venture so to call that of 
maintaining purity in the supply of a dense population, is now presenting itself in a 
new and very difficult form. That is so notably in the matter of water supply ; 
because until now it has generally been possible, by some expenditure in aqueducts 
and care in the selection of the sources, to obtain a sufficient supply of thoroughly 
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good water, not always perhaps of chemical purity, but at any rate free from any 
great contamination of animal and especially of human excreta. This possibility 
threatens to disappear in the United Kingdom generally ; and especially so witn 
regard to the manufacturing districts and to the east of England, not only from the 
mere increase of the population, but much more from the higher cultivation of the 
land. The moorlands are everywhere being broken up for the plough ; fallow- 
ing has given place to heavy manuring and to sewage irrigation, both of which are 
freely applied to pasture as well as to arable land. The population of bullocks 
and sheep has also increased with the human population. The result is that the 
rain is contaminated as soon as it reaches the ground. The surface drainage, 
instead of being water naturally distilled, flowing off clean grass or moss, is the 
washings of manure. The spring- water, again, is not pure rain-water which has 
passed through a rock-filter and has taken up some mineral ingredients, but is 
simply these manure washings more or less completely filtered. In our streams 
the water derived from both these sources undergoes fresh exposure and cleansing 
by aquatic vegetation, but at the same time fresh contamination. The mere 
statement of the problem in this way carries with it, almost axiom atically, the 
inference that the effective character of filtration is a matter fur quantitative 
investigation, not for assumption as perfect and complete. We know, moreover, 
that some of these natural filters have been overtasked. 

Let us now turn aside to consider what is the work to be done, and what is, so 
far as we ‘are able to understand it, the work actually done by filtration. 

I believe I am right in saying that witli the exception of the strong corrosives, 
which act like weapons rather than as medicaments, no one really knows what 
poisoning is. We must take it as an expression used to summarize the unknown 
and possibly inscrutable chain of events of which we onlv see the primary cause 
and the ultimate effect. We may perhaps go one step further in respect of the 
poisonous effect of organic sewage in its unfiltered form. It contains, for one 
thing, the dead products of organic decay. A grass filter or an earth filter very 
rapidly renders this part of the sewage innocuous by oxidizing it. Then it con- 
tains germs of animal life, some of which, unless intercepted or killed, prey para- 
siticaflyon the larger mammalia. Thirdly, it contains v-_r< luhL' ir-Tius, closely 
allied, it would seem, to the moulds and other small fungi ; i !■• a resting- 

place in our bodies, grow and destroy or spoij the cells of which our own growth 
consists, much in the same way that the yeast fungus modifies the worts of beer, 
or that the common mould spoils the flavour of a pot of jam. The effect of such 
spores upon us is called zymotic disease. The first class of impurities is pretty 
easily dealt with. Probably the means already exist of < . ’■* .1. : .'hat point 

any given filter will or will not be overcharged in respect ■ ■■' ■■- ■! ■' . .r: v function 
by the oxidation or entanglement of dead matter. But the question of the filtra- 
tion of living germs is nl : cr-iV: 1 more obscure. We know that many of them 
are caught and effectually intercepted by both surface and underground filtration ; 
but we do not know in what proportion this intercepting takes place, either on the 
average of all germs or with reference to each kind of germ which may be present 
— h different questions not always sufficiently distinguished. Then we also know 
that the life of -uno ltitiiii is destroyed if their de\elopment be too long retarded. 
Bateman, Michael Scott, and others afterwards have described the remarkable 
effect which storing water in dark tanks has in keeping it clear, not only while it 
remains in darkness, but even under subsequent exposure to light. Now we have 
at present very little quantitative or well-digested knowledge on these subjects. In 
fact, little more is known of them than is contained in the crude statement which 
I have just laid before you. We have no series of experiments to show what 
or how many germs escape a given process of filtration or storage ; and it is not 
every germ that we need be afraid of : the greater part of them, probably, are quite 
innocuous. All that the chemists have been able to give us is a dubious estimate 
of the total quantity of organic matter (whatever that term may mean) which the 
influent and effluent waters severally contain. They do not ana cannot tell us in 
what form the matter exists, whether dead or alive, animal or fungoid. Now for 
many purposes the information so given is about as useful as it would be to knew 
that there is animal and vegetable life in a given field, without being told whether 
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it is com or couch grass, rats ot rabbits. On this subject I think both the engineer 
and the chemist will but grope in the dark until the biologist comes to their aid, 
working statistically with his microscope as well as observing particular develop- 
ments Whether any observers are vet prepared by preliminary knowledge for such 
investigations I know not, but sure 1 am that the need of them has come. 

It may be some consolation to the timid or fastidious among my listeners to be 
assured, first, that only a few organic germs are capable of hurting us; and, 
secondly, that an overwhelming proportion of the germs of life perishes without 
reaching maturity or attaining the power of doing mischief. This destruction goes 
on to an extent little dreamt of except by those who have minutely examined* the 
question. It is not an exaggeration, but in many cases an under-statement, to say 
that a million germs are produced in most of the lower forms of life for one which 
ever reaches the reproductive stage in its turn. Numerical evidence is easily 
obtained of this in the case of ferns and lycopodiums and fungi among plants, and 
of many worms and fishes and other creatures of lower organization among 
animals. This constitutes at the same time our safeguard and our danger: a 
safeguard, by the improbability of our meeting the few survivors of this enormous 
destruction ; a danger, from their rapid increase when they do happen to meet with 
a resting-place favourable to their development. 

What is practically becoming most essential to us just now is to be able to pass 
from vague generalities, such as these, to definite and quantitative statements. 

No doubt much may be done, and is daily being done, to come to the assistance 
of these natural processes of purification by submitting water of doubtful quality to 
various operations calculated either to remove certain classes of impurity, or to 
avoid clogging or otherwise overtasking the natural or other filters. But at 
present we are working in the dark, and empirically, in fact, applying quack 
remedies at random, instead of setting to work systematically ana intelligently. 
Much fuller knowledge must he acquired before we can understand our business. 

In the meanwhile I think we must view with great and increasing distrust all 
merely selective sources of water supply, and that, except perhaps in some favoured 
localities, such as the best of the gathering grounds from which Glasgow is 
happily supplied, we must not put too implicit confidence in any methods of 
filtration or boring. 

Besides, then, the general investigation which I have just spoken of, there 
remain two alternatives to consider, each of daily increasing importance in certain 
localities. One is the separation of the drinking from the ordinary supply ; the 
other is the distillation of the drinking-water. Neither of these are new ; and 
there are many places where they are of obvious necessity, and practised with the 
greatest care accordingly. I think both require more attention than they have 
received in this country. 

As regards the separation of supply, it surely is not seemly that where there is 
no scarcity of water, but only a scarcity of wholesome water, the water closets and 
factories and condensers of steam engines should be put in competition with the 
dry throats of the people for the drinkable supply. 

The question of distillation also requires further study. There seems to be 
no doubt that by Mibjeeling water to sufficient heat we can destroy every living 
germ in it, and that by distillation we may combine this with the removal .of 
almost all inorganic matter. At present the process seems to be rather expensive, 
and brings it up to a price which is far too high for its general use. But I think 
that when the process comes to be carefully gone into, with a view to working it 
upon a very large scale, it may not be found impossible to effect a considerable 
saving upon this cost. In fact, the mere necessity of delivering the distilled water 
at as I w u temperature as possible, without the use of too much cooling material, 
is a security for the employment of as little coal as possible. We should require 
a settlement with the Excise to prevent the revenue suffering by fraud ; but no 
doubt a compromise could be arrived at if the necessity were felt to be urgent. 

The collection and arrangement of my thoughts, with a view to the remarks 
just addressed to you, has brought before my mind very strongly certain con- 
siderations, some of which, being partly of a political character, I shall rather 
indicate than discuss. 
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In the first place, there is an evident and urgent necessity for the whole 
question of the water supply, at any rate of England, being much more tho- 
roughly investigated and taken in hand than it has hitherto been thought 
necessary. 

Secondly, there is need for the concentration of the business of the supply and 
distribution of water (including frequently the management of the gathering 
grounds), the roads, the lighting, and the drainage in one board for each town or 
district, preferably the municipal authority. In London, where there is no such 
concentration, the waste and inconvenience arising from the independence of the 
road, gas, and water authorities in the mere matter of breaking up the roads is be- 
coming a very serious consideration. 

Thirdly, there is a want of knowledge of natural science in the local governing 
bodies, which is hut ill supplied by their employment of professional officers. Much 
more of it is wanted in the governing councils themselves before their technical 
advisers can be either properly appreciated or properly controlled. Whether this 
is to be got by the direct infusion of a professional element into the council itself, 
or whether it is best to wait for the general spread of natural knowledge, I scarcely 
care even to form a judgment. 

Fourthly, it is a popular delusion, especially prevalent in this Section, that the 
invention and provision of a mechanical convenience are necessarily an immediate 
social benefit. There are many cases in which the direct effect is to facilitate 
personal indolence or carelessness. It is then a positive evil, until, either by 
natural selection or by experience, more careful habits have been reverted to. 
There are other cases in which the indirect consequences are more mischievous 
than the direct advantages are beneficial. Here, again, there is no benefit until 
those consequences have been met. There is a disadvantage which only attaches 
to the immediate effects of some particular inventions. On the whole, of course, 
invention is not only a good thing, but, together with discovery, a necessity of our 
nature and of our existence. Meanwhile our immediate national necessity is a 
wider, deeper, more exact, and more general spread of natural knowledge. 
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On the Removal of Subaqueous Rocks by the Diamond Rock-borer. 
By Major Beaumont, M.P . 


On the Removal of Sand-bars from Harbour-mouths. By M. Bergeron. 


Hand-machine for Shaping and Finishing Metal Surfaces. By J. B. Beynon. 


A Flanging-iron and Steel Plates for Boiler purposes. By A. B. Brown. 


On an Engine for Starting and Reversing large Marine Engines . 

By A. B. Brown. 

The principal feature of this engine consisted of a combination of steam and 
hydraulic cylinders, controlled by an automatic valve -gear, which enables the 
engineer to reverse the largest engines without assistance m a few seconds. This 
is accomplished by the lever which opens and closes the steam and hydraulic 
valves being hung partly on the rev er sing-lever and at its other extreme on the 
weigh-shaft lever, so that any motion given to it and the valves by the engineer 
in one direction is counteracted by the movement of the weigh-shaft lever to 
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which the links of the marine engine are attached. In this way these links follow 
the motion of the reversing lever, and are locked fast at any degree of expansion 
in the quadrant. 


On a Machine for the Liquefaction of Gases by combined Cold and Pressure . 

By J. J. Coleman, F.C.S. 

This paper describes a powerful machine, erected for dealing with 300,000 feet 
per day of waste gases at the works of Young’s Paraffin Light and Mineral Oil 
Company. 

The machine includes — 

1st. The pumping of the gas by steam-power into a system of tubes externally 
cooled by water, and from which condensed liquids are withdrawn. 

2nd. Employing the condensed gas, after being deprived of liquids, for working 
a second engine coupled with and parallel to the first, thus recovering a portion of 
the force originally employed in compression. 

3rd. Employing the expanded gas, having had its temperature reduced in the 
act of doing work, as a cooling agent for a portion of the condensers to near zero 
Fahrenheit. 


On Drainage Outlets through Slob Lands. By A. Crum-Ewing. 

The author described the means he had employed to open up a channel two 
miles long through slob, in the colony of Demerara, for the purpose of reestablish- 
ing natural drainage. This slob is a deposit from the great rivers of the northern 
part of South America ; and when it sets in in front of the plantations, completely 
blocks up their drainage outlets. The method employed was to lay a steel rope 
all the length of the mud-bank, and, by means of Fowler’s clip-drum placed in a 
small steam-vessel, which had strong drag-harrows attached, to run the whole 
apparatus rapidly from end to end of the rope. When the water discharged from 
two very powerful centrifugal pumps was brought to bear after the aredge, a 
marked effect was produced, and a channel was being rapidly opened deep enough 
and wide enough to carry off the heavy rainfalls (sometimes as much as six inches 
in twenty-four hours) without having recourse to pumping — a matter of great con- 
sequence, as the expense and risk of pumping are large. 


On recent Attempts at Patent Legislation . By St. J. Vincent Day. 


On the Form of BlocJcs for Testing Cement. By G. F. Deacon. 


On the Strength of Concrete as affected by delay between mixing and 
placing in situ. By G. F. Deacon. 


Description of Stobcross Docks . By J. Deas. 

The first portion of ground purchased for the works was in 1846, and consisted 
of 35 acres. At that time a wet dock and tidal basin were proposed, having a 
total water space of 17 acres and 10 acres of quay space, the length of quayage 
being 1458 yards. Until within the last few years, however, the Clyde trustees 
were able to obtain ground on both margins of the river sufficient for the required 
quay extension, the river itself forming the water space, and requiring little ex- 
pense to make it available opposite the new quays. 

In 1864 the Edinburgh and Glasgow Railway Company (now merged in the 
North British Railway Company) obtained an act to make a railway &om their 
Helensburgh branch to the authorized docks, with a station immediately on the 
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north aide of the docks ; but nothing was done till 1870, when the Clyde trustees 
obtained an act lor enlarged docks &c., and the railway company an act for the 
renewal of the site of the station. 

Under their act the Clyde trustees purchased additional ground, to enable them 
to carry out the works now authorized. The large cartoon plan showed the general 
outline of the docks and the diversion of the Pointhouse Road &c. The road is 
65 feet wide, and extends from Sandyford Street to Stobcross Street, or a length 
of 989 yards j it has been formed entirely in cutting, the average depth being 
29J feet, the greatest depth 43J feet, and the total quantity removed was nearly 
800,000 cubic yards, of which about a fourth was boulder-clay. Only the 
immense power of dynamite enabled this to be removed. The cost of the road, 
including land, was about £45,000. 

The docks will be tidal, and, when complete, will afford 33| acres of water 
space 20 feet deep at low water, and will comprise three basins. The entrance 
from the river is at the west end of the docks, and is 100 feet in width, communi- 
cating with an outer basin 095 feet wide at its widest part, and two inner basins, 
270 feet and 230 feet wide respectively, the pier between being 195 feet wide. The 
total area of quay space will be 27 \ acres, and the length of quays about 3342 yards. 

The entrance will be spanned by a swing bridge, worked by hydraulic power, 
and capable of carrying a rolling load of 60 tons. There will also be four coaling- 
cranes, each capable of lifting 20 tons, also worked by hydraulic power. The 
bridge, cranes, and the necessary hydraulic machinery are being constructed by 
Sir W. G. Armstrong & Co. The quays will also be provided with sheds, grain- 
stores, &c., and lines of rails. 

From the borings made on the line of the quay-walls, it was ascertained that 
the strata were of the worst possible kind in which to construct such works, con- 
sisting as they do (excepting at the north-west corner, where boulder-clay was 
found) of water-bearing gravel and sand, interspersed with pockets of mua, and 
that to reach the rock with the foundations, except along a portion of the north 
quay, would be out of the question. A longitudinal and a cross section of the site 
of the docks, showing the strata as ascertained from the bores, were shown on the 
cartoons. 

For the portion of north wall in the boulder-clay, and where the rock was within 
a depth of about 40 feet under cope level, the usual section of wall has been 
adopted ; but for the remainder of the walls and brldge-vut , where the stratum is of 
sana and gravel &c., charged with an enormous quantity of water, especially under 
low-water level, and the rock at a depth of from 50 feet to 100 feet below cope- 
level, the system of cylinder substructure, recommended by Mr. Bateman and the 
author of this paper in 1869, and successfully carried into effect in the construction 
of Plantation Quay wall and 60-ton crane-seat there, in 1870-75, was again fixed 
upon. A small portion of the west wall of the dock is founded on sheet and bear- 
ing piles where the boulder-clay suddenly dips, and a timber-wharf outside of the 
dock-entrance, where the quay may be of a less permanent nature. 

The cartoons showed the general details of the whole of these walls, as well as of 
the bridge-seat. 

The first contract, embracing the entrance and western portion of the docks’ 
walls, was let in August 1872, the amount being fully £160,000. 

The whole of the cylinders are of concrete, composed of 5 of gravel or broken 
stones and sharp sand to 1 of Portland cement of the strongest description, mixed 
together by steam-power with the necessary water. The cylinders for the quay- 
walls are about 27 ieet 6 inches in height, made up of rings 2 feet 6 inches aeep, 
the thickness being 1 foot 11 inches. These rings are formed within wooden 
moulds, on a platform, and, to facilitate lifting and break bond when built into the 
cylinder, they are divided into three pieces and four pieces alternately. The dividing 
of the lings is effected by iron plates placed across the mould in the positions 
required. The corbelling or bevelling of the bottom ring is done by placing con- 
tracting pieces in the mould on which to shape the ring. The seat for the iron 
washer on the top of the first, or “ corbelled ring,” and the holes for the bolts to 
secure the same to the iron shoe are also formed in the moulding of the rings. 
The concrete, as it is filled into the moulds, is well rammed with rammers weighing 
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25 lb., so as to secure homogeneity and a smooth surface. Twelve hour® after 
fillirur iiio mould- the division-plates are withdrawn, and two days thereafter the 
moulds are removed from the sides of the rings $ and in a period varying from nine 
days in dry hot weather to three weeks in rainy weather, the rings are ready for 
removal and building. The content of one ring complete is 10 J cubic yards and 
the weight 18 tons ; the heaviest portion weighs about 6 tons. 

The shoes are of cast-iron, 2 feet deep, of the same external shape as the bottom 
of the cylinder, of 1-inch metal, with a bevelled inner shelf on which the corbelled 
ring of the cylinder rests, and to which it is secured with a malleable iron ring or 
washer, 5 inches by J inch thick, held down by 1 1-inch holts. The shoes of the 
ordinary triune cylinders weigh about 4J tons each, and, for convenience in handling, 
are made in six parts. 

In the construction of the cylinder substructure, a trench is made in the line of 
the foundation (the bottom being about low-water level), of the necessary width, 
and slopes of about 1^ horizontal to 1 perpendicular, over which, or alongside, is 
erected the necessary staging to cany the travelling cranes and digging apparatus. 
The shoes are placed on the bottom of the trench in proper line and position ; the 
concrete rings are then built up in rings of three and four pieces alternately, 
pointed in cement, and the digging out of the sand or gravel &c. within the 
cylinder-wells is commenced. Special diggers or excavators have been designed 
for this purpose. 

A load of from 300 to 400 tons of cast-iron weights is generally required during 
the sinking of each triune group of cylinders, to assist in sinking it to the proper 
depth, which is 48 feet 7 inches from the cope-level of the quay to the bottom of 
the shoe. The average rate of sinking is about 12 inches per hour in good working 
sand ; however, as much as 3 feet per hour lias been attained. 

When each group of cylinders is sunk to the proper depth, the wells are filled 
to the top with Portland-cement concrete, lowered to its place carefully. 

To effectually close up the apertures formed by the joining of each two groups 
of cylinders, a timber chock-pile, 25 feet long by 9 inches square, is driven behind, 
anglewise, so that a sharp corner may bear hard against each of the cylinders. 

The foundation for the swiug-briclge consists of twelve concrete cylinders, each 
9 feet in external diameter, 29 feet in depth by 23 inches thick, formed in rings, 
and resting on cast-iron shoes, as described for the quay-wall foundations. After 
the cylinders were sunk, they and the interstices between them were cleaned out 
and filled to the top with concrete, chock -piles being driven where required. On 
the cylinder-foundation thus formed, a stepped ashlar pier, 16 feet square at the 
bottom and 10 feet square at the top, by 7 feet high, is erected, with a block of gra- 
nite 7 feet square by 3 feet 6 inches deep, on which the centre lifting-press of the 
bridge rests. This pier is surrounded by concrete rubble, the whole forming a 
mass of masonry 3G feet 0 inches by 32 feet C inches by 10 feet 6 inches high. 

The foundations for the hydraulic rams, capstans, and side walls of the bridge-pit 
are formed on single concrete cylinders placed apart and spanned between by bnck 
arches. The cartoons showed the details of the foundations. 

The first of the ground acquired for the docks was bought in 1845, at 6#. 6 d. per 
square yard, and the last in 1872, at 35s. 

The total cost of the docks, when fully equipped, will approach £1,500,000. 


Improved Safety-Apparatus for Mine- Hoists and Warehouse- Lifts. 

By Thomas Dobson. 

This apparatus, for checking the downward movement of the cage, or hoist-box, 
in case of the breaking of the suspending-rope or gear, consists of a mechanical 
arrangement of levers, which expand through the intervention of a spring acting 
upon the inner end of such levers through a sliding-sleeve, and so t( strutting out,” 
as it were, against the guides, or by gripping the guide-ropes, where rope® are em- 
ployed instead of upright timbers. 
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On the Application of Spring Fenders to Pier-heads. By Mortimer Evans, 


On a Safety-Loch for Facing-points. By Mortimer Evans. 


On the Experiments made at the Camp at Aldershot with a new form of Military 
Field-Radway, for rapid construction in war time. By J. B. Fell. 

Field-railways are now recognized as being amongst tbe most important appli- 
ances in modem warfare ; but hitherto it has been found impossible to have them 
constructed with such rapidity as to be available for the transport-service at the 
commencement of a war. 

The Crimean war was far advanced beiore the Balaclava railway was finished. 
The Abyssinian war was over about the same time as the railway from Zoolla to 
the Kooinnglce Pass was completed. 

The railway made by the German army in the Franco-German war was not ready 
for working until within a few days of the fall of Metz, when it became useless. 

The railway sent out to the Gold Coast was absolutely useless, and the difficulties 
and dangers of the expedition were much increased by want of the means of trans- 
port which the railway might have afforded for the first 80 miles on the road to 
Coomassie. Consequently the use of field- railways to a great extent depends upon 
the rapidity with which they can be constructed. 

The cause of the partial failure of the military railways hitherto made is to be 
found in the impossibility of executing the works of which ordinary railways con- 
sist, such as cuttings, embankments, and masonry, with the rapidity necessary for 
laying down a field-railway at the commencement, or even m the early part of 
a war. 

Our Government have therefore had under consideration the practicability of 
adopting some other method of construction by which the difficulties hitherto 
experienced might be o\ ercome. For this object the Koyal Engineer Committee 
at Chatham have had a series of experiments carried out at the camp at Aldershot, 
of which Captain Luard, It E., and the writer of this paper had charge. The 
experimental railway consisted of a succession of timber viaducts, which supplied 
the place of earthworks, culverts, and bridges, and which, when the materials had 
been prepared, could be erected with great rapidity. The conditions the Com- 
mittee desired to have fulfilled in the trials were, that an engine, not exceeding six 
tons in weight, should take a train of thirty tons up an incline of 1 in 50, and travel 
at an average speed of 10 miles and maximum of 20 miles an hour. The waggons 
were required to carry a load of three tons of dead weight each, and from 800 to 
500 cubic feet of bulky articles, such as tents, hay, and commissariat stores. A 
seven-ton siege-gun was to be carried on two waggons ; and it was to be shown to 
be practicable to construct one mile of railway per day over such ground as was 
selected by the Committee at Aldershot, by the labour of 500 men. 

The experimental railway was one mile in length, the gauge 18 inches; steepest 
gradient 1 in 50, the sharpest curve 3 chains radius, and one of the viaducts was 
660 feet in length and 24 feet in height. The structure was of a simple form, and 
consisted of two beams, which were bolted to a kind of trestle-work supporte, 
which were sunk to a depth of 12 inches and firmly fixed in the ground; the rails 
being laid on the beams, completed the railway, for the construction of which no 
other than military labour was required. 

The experiments occupied at intervals a period of twelve months, and the Com- 
mittee came to the conclusion that the result of the trials had proved that the 
above-named conditions had been in every respect complied with and exceeded. 

It had been shown that a single line of field-railway, constructed on the system 
employed at Aldershot, would be capable of carrying ammunition and commissa- 
riat stores sufficient for the supply of an army of 1 00, 000 men ; that a double line, 
and day and night service, would be capable of supplying an army of 300,000 men ; 
that a aingle line of railway could be made, over ground similar to that at Aldershot, 
at the rate of 2 miles a day by 500 men ; and that, if it should ever be required, it 
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would be possible to construct a field-railway at the speed at which an army of 
100,000 men could march. 

Besides the Royal Engineer Committee, a considerable number of civil and 
military engineers, both English and foreign, were present at the experiments. 

In the course of the trials and subsequently improvements have been made in 
the form, materials, and details of the structure, by which the carrying powers and 
the efficiency of the railway have been considerably increased. 

An ordinary transport ship accompanying an expedition would carry the materials 
and rolling-stock for 12 miles of field-railway, and the ‘ Great Eastern * steam-ship 
would carry from 70 to 80 miles. 

The cost of the mile of railway at Aldershot, with sidings, stations, and rolling- 
stock was £3500, and a similar railway of 2 feet 6 inches or 3 feet gauge, to be 
worked by engines of ten tons weight, and waggons carrying loads of six tons each, 
could be made for about £5000 per mile, the cost of erecting included. 

Although a railway made on the system above described could not be expected 
to carry the same amount of traffic as one 4 feet inches gauge, made m the 
ordinary way, it would be quite capable of perfi inning the whole of the transport 
service for a large army in the field in a more efficient manner than it could be 
done by horses, at a much less cost to the country, and, in the opinion of military 
authorities, the value of such an improved method of transport in war-time could 
scarcely be overestimated. A difficulty, and perhaps the principal one remaining 
to be overcome, in practically carrying out this or any similar improved form of 
field-railway, is the necessity of incurring the expense in peace time of making pro- 
vision for a future war; and no Administration would willingly assume the respon- 
sibility of such increased expenditure unless it were approved and required by the 
public opinion of the country. It is therefore desirable that publicity should be 
given to the experiments already carried out by the Government at Aldershot, 
and that the subject of the best method for the rapid construction of field-railways 
in war-time should be fully and freely discussed. 


Railways on Three-foot Gauge in the United States. 

By Capt. Douglas Galton, C.B., F.R.S. 

In recent years a considerable development of these lines has taken place. The 
railway in the United States is the pioneer road ; it must be made as cheaply as 
possible at first, and improved as population increases. 

There are at present 7973 miles projected and 2700 completed. The Denver 
and Rio Grande is intended to be 1700 miles long, of which 210 miles are com- 
pleted. The estimate of cost of a narrow-gauge line in a prairie country is given 
t>y the promotors at £1900 per mile for line and £758 per mile for rolling-stock. 

1 ascertained that the cost of the Montrose railway (28 miles long) was £2300 per 
mile, -with two locomotives, two p:is-cn;rer-nir-i. one baggage-car, and thirteen 
freight-cars. This is a purely agricultural line, running up into a country up a high 
elevation, and with small traffic. The Parker and Karas City railway cost £5500 
a mile ; but it is only 10 miles long at present, and has an equipment of four loco- 
motives, five passenger-cars, forty-six freight-cars, and a viaduct 400 feet long and 
74 feet high. This line is for opening out an oil district. 

The curves on the lines are in some places 120 feet radius, and some gradients 
are as much as 1 in 40. 

The rolling-stock is as follows: — Engines for passenger traffic have a rigid 
wheel-base of 6 feet 6 inches, with four driving-wheels (coupled) of from 8 feet to 
3 feet 4 inches diameter ; the weight on each driving-wheel from 2 tons 4 cwt. to 

2 tons 8 cwt. ; total weight of engine from 24,000 lb. to 82,500 lb. 

Freight-engines have six wheels coupled, and the wheels are from 33 inches dia- 
meter in some patterns to 40 inches diameter in others, and the weight on each 
driving-wheel is from 14 to 2 tons ; the total weight of these engines is 20,000 lb. 
to 38,000 lb. 

In the cars, the wheels are 24 inches diameter ; they weigh from 16,000 lb. to 
17,000 lb., and carry thirty-six passengers ; they weigh from 410 lb. to 470 lb. 
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per passenger. The 4 feet 8 inch gauge cars weigh from 28,000 lb. to *33,000 lb., 
and carry from fifty to seventy passenger*, or from 500 lb. to (500 lb. per passenger. 
The 3-foot gauge cars are 7 feet wide, which allows double seats on one side 
and single seats on the other, with an aisle down the centre. Recently the cars 
have been increased to 8 feet in width, which allows of four seats abreast, or a total 
of forty-seven passengers. 

The freight-cars have wheels of 20 inches diameter. The covered freight-car 
weighs 10,000 lb. as against 17,000 lb. or 18,000 lb. for similar cars on the 
4 foot 8 inch gauge ; and the narrow-gauge cars carry 8 tons as compared with 
10 tons carried on the standard gauge. Thus a train of sixteen cars of the stan- 
dard gauge would load twenty cars on the narrow gauge, and the total weight of the 
narrow-gauge train would be 260 tons against 296 tons for the standard gauge, 
t, e. a saving of 36 tons, equivalent to 22 tons of additional freight. 

Thus on the narrow gauge the paying load bears a greater proportion to the dead 
weight than on the standard gauge. 

But the heavy weight of cars on the standard gauge has been brought about by 
necessity of strength to resist shocks received in course of traffic. 

The narrow gauge has been hitherto constructed so as to be as light as possible, 
and the scantlings have been made in proportion to gauge ; but evidence is already 
given of a desire to increase the weight ; and the weights carried on the cars show 
that it is probable increased strength, i. e. weight, will have to be resorted to. 

The great width which is coming into use for the cars, e. g. 8 feet on a base of 
3 feet, must be unstable ; and I do not think that this mode of increasing the pro- 
portion of paying weight can stand. But if cars of 8 feet wide are run, but little 
economy can be claimed for the 3-foot gauge on the ground of diminished width 
of railway. 

The longer tracks of the United- States railways enable all the plant to pass 
easily round curves, and the use of radial axles also contributes to that end ; and 
there was at the Exhibition the Miltimow axle, of which a specimen which had run 
12,000 miles was shown, in which the wheels move on the axle independently of 
the axle ; this materially diminishes friction on curves. A train with these axles 
has been running on tlie 3-foot railway in the Centennial grounds. These ap- 
pliances enable the standard gauge to be constructed with curves practically as 
sharp as those on the 3-foot gauge. 

The weight of rails depends on weight of engine : a standard-gauge engine can 
be made as light as the 3-foot-gauge engine ; but the light engine will not draw 
heavy weights up the steep inclines necessary for a line which follows the contours 
of the ground. In the United States the 3-foot gauge has the conveyance of care 
which can be more easily moved at stations than the cumbrous cars of the stan- 
dard gauge. 

The break of gauge entails a cost for transhipment of from 10 d. a ton where the 
traffic is regular to la. 6d. to 2a. a ton where it is intermittent. The line may be 
useful as a pioneer line ; but when the traffic becomes large it will have to be con- 
verted to the standard gauge. A standard-gauge line would answer all purposes, 
if made with a light rolling-stock. 


On an Improved Grain-sieve. By J. H. Greenhill. 


On Improvements in Railway Appliances . By R. R. Harper. 


Bock - and Quay-Walls , Foundations , Sfc. By T. S. Hunter. 

In this paper the author described the construction of dock- and quay-walls, 
foundations or bridges, subways or tunnels, sewers, and works of a similar nature, 
and also the means used to facilitate such works. 

In carrying on operations where the sinking of foundations has to be effected in 
situations where water permeates the sand or soil so as to flood the works, a dam 
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may be employed, wholly or partly composed of clay tipped in front of the line of 
foundations, a space for which has previously been dredged to the required depth 
when necessary, or, in the event of clay not being within reach, an embankment 
may be constructed composed of the local soil, faced with clay and coated with 
stones in order to insure its stability. A water-tight dam is thus formed, and the 
excavations for the foundations may be further protected by the insertion of piles, 
either driven or screwed into the inner slope of the dam and also into the opposite 
side of the cutting. The piles have vertical grooves, into which a timber boarding 
may be slipped, thus forming a thoroughly dry box-dam in which foundations may 
be built in situ j or if no such box-dam be formed, the foundations may be sunk by 
means of excavators. 

For the construction of bridge-piers in open water, the site may be dredged to 
the required depth and clay deposited, so as to form an embankment rising above 
water-level, down through which an excavation is made and the foundations built, 
or through which they may be sunk ; they may also be floated into position. 

To construct subways beneath water, the river-bed is dredged, and clay mixed 
with ground chalk and cement deposited so as to form a water-tight roof to the 
operations, and the subway may be formed by tunnelling through the body of the 
clay, ground chalk, and cement, if deposited m sufficient quantity. 

Iffie foundations may be formed of masses of stone masonry, brickwork, or con- 
crete, whose horizontal section consists of two members at right angles to one 
another, these members being hollow, to permit of excavation being carried on in 
their interior while being sunk. Tongues or grooves of a semicircular or other 
shape are formed on the ends of one of the members, the other constituting a 
counterfort. 

For the purpose of facilitating the sinking of foundations, the toe or bottom 
should be surrounded with a shoe or curb. 

The author then described at length the drawings which were exhibited. 

In conclusion he stated, it is of the utmost importance that e\ ery facility should 
be given to the free action of the ebb and flow of a river, because an obstruction 
weakens its action, thereby withdrawing a certain amount of force from its power. 
The advantage of these walls is that they offer comparatively little resistance to 
the water. 

Walls of this description might be faced with hard rubble-stone of from 3, 4, 5, 
6, 8, and 10 cwt. each, the remainder of brickwork or concrete. Roman cement or 
hydraulic lime ground with mine-dust or puzzolano might be used with advantage 
in the work if of rubble built in situ. 

When the deposition is of great depth, as in the Clyde, varying from 60 to 90 feet 
in some places, the breadth of base cannot be overestimated, more particularly 
where subject to great weights. From this construction a base of 32 feet or more 
would be obtained, thereby giving great stability, also affording accommodation for 
water-, gas-, and sewage-pipes. 

The alveus or channel of a river is subject to move upwards as well as sidewise, 
from causes not always in the immediate vicinity but at a distance. 


On Reuleaucc's Treatment of Mechanisms. By Frof. A. B. W. Kennedy. 


Importance of Hydro- Geological Surveys from a Sanitary point of view. 

By Baldwin Latham, C.E. 

The author in bis paper pointed out that all subterranean stores of water were 
due to the rainfall percol at iiur into the earth, but that there were matters which 
affected the quantity of water percolating, such as the nature of the outcrop of the 
strata reaching the rainfall, the volume of the strata, the lithological character, 
and the free communication between different parts. The water held in store in 
the earth did not, as a rule ; maintain a horizontal level, but the surface possessed 
a considerable fall in directions corresponding to the points of the discharge of the 
springs. The inclined surface of the water pointed to its movement in the direc- 



TRANSACTIONS OF THE SECTIONS. 


tion of its outfall or natural vent. The water-level, therefore, of subterranean 
strata meant a line drawn from the highest point at which it accumulated to the 
lowest point of vent. The inclined surface of the water was the measure of the 
element of friction and molecular attraction which interfered with the free dis- 
charge of the water, so that it was retained in subterranean reservoirs and but 
slowly discharged from them. The subterranean currents obeyed the same laws, 
with reference to their flow, as streams which move on the surface of the earth. 
A number of examples were given as to the rates of fall of subterranean water, and 
also as to the elevation to which water did rise in particular years in the earth. It 
was shown that the elevation of the subterranean water between the town of Wat- 
ford and the highest spring which issued from the chalk hills was 300 feet in a 
distance of fourteen miles, and between the Colne and the Kiver Thames at 
London Bridge, a distance of fourteen miles, the water fell at the rate of 13 feet 
per mile. Near the Middle Chalk the rate of fall varied from 13 feet 6 inches to 
19 feet 0 inches per mile, and in the Tertiary beds at Garrett the fall was 5 feet 
per mile, and in the same formation at Waltham Abbey 4 feet per mile. The well 
of Grenille, in the Lower Greensand, indicated a fall of 2 feet per mile. A table 
was given showing the rate of fall of subterranean water in the neighbourhood of 
Croydon, which was shown to vary from 8 feet per mile to 94 feet per mile ; and 
the subterranean water, as ascertained by wells sunk in the boulder-clay at East 
Dereham, Norfolk, showed that the water-level varied from 2 feet in a mile in the 
flat tableland to 100 feet in a mile in the valleys. The author pointed out the 
importance of pure water with regard to health, and ga\ e several examples showing 
the deleterious effects of the drainage from cesspools and cemeteries upon water- 
supply and the health of the persons using it; he also pointed out the importance 
of ascertaining the direction in which subterranean water was moving, in reference 
to the construction of wells and cesspools, and that a small amount of considera- 
tion with regard to the relative positions of the well and cesspool in a country- 
house^may make all the difference between rendering it healthy or unhealthy. 
With regard to epidemics of enteric fever, whether directly ascribed to water or 
milk, the author observed that in every case recorded the water had invariably 
been procured from wells ; and while it was singular that so much attention was 
paid to the pollution of rivers flowing over the surface of the ground, which had 
never been traced to be the cause of disease, no one had thought of the great evils 
which had resulted, and -would result, from the pollution of underground sources 
of water-supply. The object of the author was to direct attention to this impor- 
tant subject, and to point out that where the use of cesspools was unavoidable, 
there were ways in which they might be introduced without the possibility oi 
polluting the water-supply when it' can only be procured from a local well. 


On the Direct Motion of Steam- Vessels. By It. M ansel. 


On the Strength and Fracture of Cast Iron. Bg W. J. Millar. 

The object of the present communication is to describe certain phenomena 
observed by the writer when engaged in testing cast-iron bars. 

The bars were about 40 inches long, 2 inches deep, and 1 inch broad. The 
distance between supports (or span) when placed in testing-machine was 36 inches. 
The load was applied gradually and at centre of span. 

In general the bars broke with straight fractures ; the direction of fracture being 
in line of application of load. In some cases, however, curved forms of fracture 
were observed. 

During the course of testing it was observed that the curved fractures divided the 
span more or less unequally, whilst the straight fractures, with few exceptions, 
divided the span into equal portions. 

After a carefully conducted series of experiments, the writer finds that the 
form of fracture conclusively points out the position of fracture, viz. that bears 
showing straight fractures have broken at or close to centre of span, whilst bare 
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showing curved fractures have broken at points more or less removed from centre 
of span, and that in general the curve of fracture increases with distance of fracture 
from centre. 

In all cases the fractured parts were found to fit exactly together, no piece of the 
metal being thrown out on fracture taking place ; and where the fractures were 
curved the line of fracture pointed towards point of application of load, the results 
of several experiments showing that fracture commences at the convex side of the 
bar and passes upwards, gradually curving towards centre of span. 

The curved fractures occur also in bars of 1 square inch section, their forms not 
being, however, so well marked as in the bars already referred to. 

With a view to obtain the relative strength of bars* showing straight and curved 
fractures, a note was kept of the breaking loads, deflection, forms, and positions of 
fracture, the result of wnich is given in Table I. 

(The results given in the following Tables are all from bars of 2 inches deep, 
1 inch broad, and 36 inches span.) 


Table I. 


Position of Fracture. 

Number 

of 

Bars. 

Average 

Breaking 

Load. 

Average 

ultimate 

Deflection. 



| lb. 

inch. 

At centre of span, straight fractures 

At points from § inch to 3£ inches removed. 

29 

3584 

*393 

from centre of span, curved fractures . . 

25 

3551 

*389 


The above results show a slight excess of strength in bars breaking at centre of 
span and with straight fractures. 

In general the deflections were found to increase with increase of load ; hut in 
some cases, the bars being exceptionally strong and remaining unbroken, a decrease 
of deflection accompanied an increase of load. 

The results obtained from 14 such bars are shown in Table II. 

Table II. 

Average results obtained from 14 unbroken bars with increasing Loads. 

Loads to which bar was subjected . . 3360 lb. 3930 lb. 4480 lb. 

Average deflections at these loads. . . . *327 in. *317 in. *313 in. 

Table III. contains the results of some experiments made to determine the 
amount of “ set ” which took place in bars when subjected to several applications 
of the same load. 


Table III. 


Load applied 2800 lb. 



Bar No. 1. 

Bar No. 2. 

Bar No. 3. 

Bar No. 4. 




Def. 

Set. 

Def. 

Set. 

Def. 

Set. 

Def. 

Set. 




inch. 

inch. 

inch. 

inch. 

inch. 

inch. 

inch. 

inch. 

1st application of load 

*302 

•021 

•336 

•020 

•290 

•012 

•298 

•015 

2nd 



•282 

•003 

•317 

*005 

•290 

•005 

•296 

•002 

3rd 



•279 

•001 

•310 

•001 

•286 

*003 

•285 

•002 

4th 



•278 

*000 

•312 

•000 

•282 

•000 

•281 

•000 

5th 



•276 

*002 

•313 

*000 

— 

— 

— 

— 

6th 

ff 


•273 

•001 

•315 

•000 

— 

— 

— 

— . 




Finally 

Finally 

Finally 

Finally 




broke about 

broke at 

broke at 

broke at 




35001b. 

4270 lb. 

43301b. 

3760 lb. 




Def. 

•403 

Def. *518 

Def. 

•455 

Def. 

*395 
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From these experiments it appears that the “set” decreases with , successive 
applications of the same load. 

This decrease of set also appears to obtain even when the load applied is an 
increasing one. 

The results obtained from 10 bars are given in Table IV, 

Table IV. 

Average results obtained from 10 unbroken bars with iiierenring loads. 

Loads 3300 1b. 39201b. 44801b. 

Average deflection .... *341 in. *367 in. *388 in. 

Average set *020 in. *014 in. *008 in. 


On a Spherical Pendulous Safety-Valve. By James Nasmyth, F.R.S . 


On the Investigation of the Steering Qualities of Skips. By Prof. Osborne 

Reynolds. 

[Printed in cxtenso among the Reports, p. 70.] 


On a New Form of Lamp. By R. Lavender, 

The construction of the lamp is a glass lantern 18 inches square, with a funnel or 
chimney 24 inches high, into which is introduced a jet of steam about ^ inch 
across when the pressure of steam is about 20 lb. to 30 lb. per square inch ; if 
the pressure is less the jet must be larger, if higher smaller, the object of the jet 
being to create a partial vacuum in the lantern — the consequence teing that the 
surrounding air is forced through the burner of the lamp and causes a very com- 
plete combustion of the oil. 

A very brilliant light is produced, which is increased partly owing to the pro- 
ducts of combustion being continuously removed and a volume of fresh air being 
introduced. 

The lamp or burner is constructed for a circular wick, and upon the principle of 
admitting the air to play upon the outside of the wick, and also by a disk another 
column is thrown upon the inside of the wick; another current of air is also 
carried through the centre of the flame. The metal cap is constructed so as to 
bring the flame into a centre, through the oriflce of which it is drawn by the jet of 
steam in the chimney. The oil supply is contained in a shallow vessel, which is 
heated by a jet of steam before being turned, as many of the oils that may be used 
would become thick in cold weather. 

The results obtained from a 4-inch wick have been equal to a light of upwards 
of six hundred sperm candles, the cost of which, with oil at 9 d. per gallon, is under 
I| d. per hour. The oil was supplied by Messrs. Young’s Parafbn Light Company, 
and is a product from shale and is a part of the oil that hitherto has been or 
little use. 

The cost of burning an open fire, such as is used at many pit-heads, is from ten 
to twelve hundredweight or coal per night ; it is a most uncertain and dangerous 
light. 

Whilst the author’s lamp was designed for collieries, loading-bank-, sheds, 
sidings, ships, &c., he thinks that it will be of great service to the public. 


On Boiler Incrustation and Corrosion . By F. J. Rowan. 

The importance of the subject is alluded to, o.-pocially to marine engineers, who 
have most keenly felt its difficulties, while the range of interests involved by it is 
as wide as the use of steam. 

The present state of general information about it being unsatisfactory, we have 
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to seek in a combination of chemistry and mechanical science for the needed eluci- 
dation of its problems. 

The course of investigation has been marked by the suggestion of various em- 
pirical remedies, which are pointed out, but which have failed to reach any good 
result, the actions to be counteracted not being understood. 

Incrustation and corrosion are not one action, but dissimilar ones, although they 
are often found united in boilers, and therefore both must be noticed. 

Incrustation is first considered, Dr. J. G. Rogers, of Madison, U. S., being quoted 
(from ( Chem. News,’ vol. xxvi.) for the non-conductibility of crusts and the pro- 
portionate increase of temperature which their presence in boilers renders necessary. 

Boilers subject to incrustation are divided into two classes : — 

1. Land boilers using natural fresh waters ; and 

2. Marine boilers using sea-water. 

1. The average quality of natural fresh waters is illustrated by analysis of River- 
Dlyde water, as formerly supplied to Glasgow; and an analysis also by Dr. Wal- 
lace of crust deposited from that water is given. The case is then quoted of the 
boilers at a mill in Barrowfield still using that water, but in which tne formation 
rf crust is prevented by the use of a quantity of soda-ash. 

The action of soda-ash under these circumstances is described; it causes the 
lecomposition of the sulphate of lime and rapid deposition of the neutral carbonate 
is powder. Where bicarbonate of lime is present, it is also precipitated as neutral 
jarbonate in a powdery form, one equivalent of carbonic acid being liberated. 
Neutral carbonate being thus formed rapidly, has not power to adhere to boiler 
surfaces ; while, if deposited slowly by heat from the bicarbonate, it is crystalline 
md does adhere. 

M. Bidard of Rouen, author of papers on this subject in ‘ Amnales Industrielles,’ 
bas made numerous examinations or boiler-crusts, which show, according to him, 
that organic matter has power to agglomerate carbonate of lime and form crust 
by a process of “ baking.’’ His opinion is quoted from one of his letters to the 
author. 

Fresenius, quoted in a paper by Dr. Wallace in 1 Proc. of the Phil. Soc. of Glas- 
gow,’ vol. iv., ascribes this agglomerating power to sulphate of lime. Bidard’s 
explanation applies where carbonate and not sulphate of lime predominates, because 
julphate is able to form crusts where no organic matter is present, as in some 
srusts from marine boilers. The use of too much soda-ash is injurious, and pre- 
jautions are given, with a little further illustration of its action in boilers. 

It is proposed to apply it in the feed-tanks or cisterns generally attached to 
toilers, allowing the lime to be deposited there to save constant blowing off. 

Various other preventives of incrustation are noticed, including De Haen’s 
method of u-iisjr bn , i , rsi chloride and milk of lime, founded upon the investiga- 
tions of J. Y. Ihioinm.i'i J{ *y. Soc. Proc. vol. xxii.), and some details of comparative 
;ost in working with this process are given from Dingler’s Polyt. J. ccxvii. 

As the most complete preventive of incrustation, which is otherwise scientifically 
lesirable, the author advocates the use of surface condensers in connexion with 
Land boilers. 

2. Although modern systems of marine engine practice have removed incrusta- 
tions from marine boilers by the introduction of surface condensation, there is still 
jome necessity to consider incrustation as applying to them, because of a tendency 
,o return to the ancient regime in consequence of difficulties with corrosion. The 
ml effects of incrustation are felt more heavily in marine practice from its con- 
litions of using sea-water, which contains a large amount of solids, and of limited 
ipace for carrying fuel and chemical reagents and for repair of boilers. 

The inapplicability of the chemical method is pointed out, reference being made 
,o experiments of Mr. Jas. R. Napier, F.R.S., published in Proc. Phil. Soc. Glasg. 
rol. iv. 

Working with fresh water is the only sensible and efficacious method ; but when 
ihis has been used it has brought with it the evils of corrosion. 

Analyses of sea- water from the Black Sea, and of six samples of marine-boiler 
srusts found at various pressures, are added, with remarks on some of these by 
Dr. Wallace (from Proc. Phil. Soc. Glasg.), and extracts from a paper in Dingier s 
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Polyt. J. ccxii., by Dr. Ferd. Fischer, confirmatory of these remarks, and showing 
the influence of elevated temperature and pressure on the decomposition of various 
salts in water. 

Corrosion . — Causes of corrosion of exterior of boilers are briefly glanced at, 
including damp settling, accumulation of damp ashes and of soot, accompanied by 
careless firing, which causes sulphur, acids, and other corrosives to combine with 
the soot. 

With regard to corrosion of the interior of boilers, investigations on various cor- 
roding forces are first quoted. Prof. Crace Calvert's experiments on the action of 
sea-water and of various gases on metals are alluded to, to prove that sea-water 
exerts such an action upon steel and iron, that carbonic acid, in presence of water, 
acts energetically, and that distilled water, free from gases, has no action. 

The application of these researches by W. Kent (of the Stevens U.S. Institute 
of Technology) to the examination of the corrosion of iron railway-bridges in the 
United States is then referred to; and the investigations of A. Wanner (from 
Dingl. Polyt. J. ccxviii.), on the influence of various solutions on the rusting of iron, 
are quoted. This author corroborates Calvert’s report of the action of carbonic 
dioxide, and notes the fact that the presence of chlorides of magnesium, ammonium, 
sodium, potassium, barium, and calcium in water largely increases the production 
of rust, the action of chloride of magnesium alone being increased by heat. 

These facts correspond with that observed by J. Gamgee, that lime solutions 
used as media of congelation in ice-making corrode the pipes or channels which 
convey them. 

Stingl’s valuable contribution to this subject, viz., his paper on the effects of 
condensed water <\»; grease on boilers fed with it (Dingier, Polyt. J. ccxv.), 

is quoted at some length. 

This author proves that grease, with a small quantity of salts of lime and mag- 
nesia, at a temperature not exceeding 00° to 70° Cent., forms lime-soap, which, 
under the influence of a higher temperature, partially decomposes into free fat 
acid and a basic lime-soap, which adheres to the boiler-surfaces, the free acid, 
which is usually oxalic acid, attacking and dissolving the iron. In the crust the 
fat is recognized by the addition of hydrochloric acid, the separated organic mass 
being afterwards shaken with ether. 

Even with lime and magnesia salts present in very insignificant proportion, the 
presence of grease is injurious, as, with saponification, under considerable pressure, 
a small quantity of lime suffices to occasion the splitting up of a neutral fat into 
free fat acid and glycerine. With low pressure the same action proceeds more 
gradually. 

Various cases of corrosion from greasy water are noticed by this author, and in 
particular that of a steam-boiler of Oornish design, into which the condensed steam 
from two engines (of 300 and 100 horse-power) was fed. This boiler was con- 
structed of steel ; and after only three weeks firing was leaking in the fire-tubes. 
A deposit was found adhering to the upper part of the tubes, of which the analysis 
is given. The water in the boiler had a milky appearance, which was at once re- 
moved by ether. Ether is recommended as a good qualitative test for the presence 
of grease in water. 

The analysis of the condensed feed-water is given, and the various operations in 
testing the deposit from it also recorded. 

Means were adopted to purify this water by precipitation of the calcium carbo- 
nate and part of the magnesium carbonate along with the grease, which was carried 
down with the precipitate, and by subsequent filtering : and the analysis of the 
purified water is given. The boiler afterwards worked tor three months with this 
water without any bad results, a pure deposit, consisting principally of magnesium 
hydrate and calcium carbonate and sulphate, being found to a small extent on the 
surfaces of the boiler. 

Finally a letter addressed by the author to ‘ Engineering ’ (Oct. 1874) is 
referred to, in order to call attention to the difference between pure natural waters 
and genuine distilled water, i. e. distilled water free from air. The difference con- 
sists in the presence of gases in all natural waters. The distilled water from sur- 


20 * 



282 report — 1876 . ^ 

face condensers of steamers necessarily contains some air, and it is therefore not 
“genuine distilled water.” 

Examples of boilers subject to corrosion are classed under the heads: — 

1, Land boilers using natural fresh water; and 

2. Marine boilers. 

1. Loch-Katrine water, from its great purity, affords the best opportunity of 
studying the effect of pure natural water on boilers. The former water-supply of 
Glasgow ha vino: been calcareous, the boilers using it became coated with lime, and 
did not suffer in consequence when afterwards supplied from Loch Katrine. In 
cases where the lime coating was removed corrosion quickly set in, and new boilers 
working with Loch-Katrine water from the first were rapidly destroyed. Several 
examples illustrating these points are quoted, and the remedy adopted is described. 
This was the formation of an artificial coating of lime by feeding a whitewash for 
some time into the boilers. 

Analysis (by Dr. Mills) of Loch-Katrine water is given ; and by reference to the 
investigations of Calvert and Wagner its action on iron is explained. 

2. Marine Boilers . — Those using exclusively fresh wateT are cited, viz. Rowan 
and Horton’s and Perkins’s, to illustrate the kind of corrosive action known under 
these circumstances. The author’s letter to ‘ Engineering’ gives the remedies used 
in the case of Rowan and Horton’s boilers. 

Another instance of a coasting steamer using nearly all fresh water in her boilers, 
which, however, were destroyed by corrosion, is quoted. This instance was com- 
municated to the Graduate section of the Institute of Engineers in Scotland by 
Mr. Jas. Gilchrist. It was found by two chemists that the decomposition of iron 
in her boilers was caused by the use of tallow. The author points out that the 
chemists did not make allowance for the presence of a small quantity of sea-water 
in the boilers, and its decomposition setting free hydrochloric acid. 

The description of corrosion given by Mr. Miller in his paper communicated to the 
Cleveland Iron-Trade Foremen’s Association is quoted, as this author enters fully 
into the matter, and describes two examples which well illustrate the general 
practice of the day in marine engineering. His deductions from the circum- 
stances of these two examples are combated ; and the author proceeds to show that 
corrosion in marine boilers, where a proportion of sea- water is used, is due to de- 
composition of the magnesium chloride of the sear-water, and to the liberation of 
the carbonic acid held in solution by repeated boiling. 

The popular error that corrosion is due to some change produced in the constitu- 
tion of water by redistillation is pointed out, as is the fact that in no case of marine 
practice has distilled water, pure and simple, ever been present so that its effects 
might be examined. 

The author proposes as a remedy the coating of all new boilers with calcium 
sulphate and magnesium hydrate artificially, and thereafter the exclusive use of 
fresh water, which does not dissolve such a coating. 


On an Apparatus for cleaning Filtering -Sand. 

By John Lang, C.E . , Kirkcaldy. 

The sand is tipped from wheelbarrows into a box, in the under part of which 
there is a diaphragm pierced with many small holes, through which a supply of 
water under pressure is introduced. The sand is agitated by the current, and the 
mud and water flow over the top of the box. When the water flows over clear, a 
door in the side is opened, the clean water is discharged into wheelbarrows below 
and is conveyed to the filter. The size of the apparatus depends altogether on the 
magnitude of the supply of water, and its success depends on the size being adapted 
to the supply. From very many experiments with various sands, the best con- 
ditions were found to be that the water should pass through the box with a 
velocity of from 3 feet 9 inches to 4 feet per minute, and that the box should be 
27 inches in height. This apparatus, as used in the Kirkcaldy and Dysart Water- 
works, had been found, in respect to thoroughness and in economy, to be very 
greatly superior to the former machines. It is able speedily to wash fresh nit- 
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sand, or to rewash the sand forming the body of the filter ; but it was explained 
that it was unable to wash the impurities from the filter-scrapings. Neither the 
old machines nor any mechanical means even in the laboratory are able to do this. 
By careful experiments, samples of the mud on the surface of the Kirkcaldy filters 
were obtained separate from the underlying sand ; and it was found . tnat 100 
parts of the mud consisted of about 95 parts of diatoms, 4 parts of animalcules, 
and 1 part of inorganic matter, beside the sarcoid matter of the diatoms from 
which the offensive smell of the mud is derived. The only way to recover the 
sand from these scrapings is to allow them to lie exposed to the air for some 
years, until the sarcoid matter is decomposed. The ilinty valves of the diatoms 
may then be removed by washing. A portion of the mud passes below the surface 
into the body of the filtering-sand, and in course of years is spread through its 
interstices and reaches even to the bottom. This mud consists almost wholly of the 
frustules of two minute kinds of diatoms, Orthosira and Cymbella ; and bv means 
of the microscope, used sand may be at once distinguished from fresh sana by the 
presence of these. They are easily removed by washing. 


On a Pneumatic Tramway Car. By W. I). Scott-Moncreiff. 


On an Elevating Steam Ferry. By Wm. Simons. 

The object of this vessel is to supersede the present inclined approaches or slips 
to' ferry stations, and therefore lessen the wear and tear in horses and haulage, to 
enable a greater traffic to be conducted with greater dispatch and economy and 
on the same level as the adjoining quays. The valuable ground required for slips 
is unnecessary, and the ferry-steamer is not confined to a special berth or locality. 

To effect the above objects, it is proposed to construct a steamer with a centre 
platform of sufficient capacity for tho traffic, and capable of being elevated and 
lowered to suit the rise and fall of the tide, and thus enable the vessel to receive 
(< level with the adjoining quays) waggons, goods, horses, carriages, and passengers. 


On the Brahe Problem. By James Steel. 


On Communications between Passengers and Guards in Railway Trains. 
By W. Stroudley. 


On Naval Signalling. By Sir W. Thomson, F.R.S. 


On Steam-Ship Resistance . By J. Evelyn Williams. 
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mentary geometry, and on the syllabus 
drawn up by the Association for the 
improvement of geometrical teach- 
ing, 8. 

Heat, first report of the committee ap- 
pointed to determine the mechanical 
equivalent of, 275, 

Henrici (Prof.) on instruction in elemen- 
tary geometry, and on the syllabus 
drawn up by the Association for the 
improvement of geometrical teach- 

Herschei (Prof. A. S.) on experiments 
to determine the thermal conductivi- 
ties of certain rocks, 19 $ on observa- 
tions of luminous meteors during the 
year 1875-76, 119 ; a review of recent 
stonefalls and of papers relating to 
meteorites, 164 ; on underground tem- 
perature, 204. 

Heywood (J.) on the practicability of 
adopting a common measure of value 
in tne assessment of direct taxation, 
27 ; on the work of the Anthropo- 
metric Committee, 266. 

Hirst (Prof.) on instruction in elemen- 
tary geometry, and on the syllabus 
drawn up by the Association for the 
improvement of geometrical teach- 
ing, 8. 


| Hope (W.) on the treatment and utili- 
zation or sewage, 225. 

Howell (H.) on the circulation of 
underground waters, 95, 

Hubbard (Rt. Hon. J. G.) on the 
practicability of adopting a common 
measure of value in the assessment of 
direct taxation, 27. 

Hughes (Prof. T. McK.) on the erratic 
blocks of England and Wales, 110 ; 
on the exploration of the Settle Caves, 
115. 

Hull (Prof.) on the circulation of under- 
ground waters, 95 ; on underground 
temperature, 204. 

Intestinal secretion and movement, third 
report on, 308. 

Janssen (W. J.) on nitrous oxide in the 
gaseous and liquid states, 211. 

Jevons (Prof.) on the practicability of 
adopting a common measure of value 
in the assessment of direct taxation, 
27. 

Joule (Dr.) on the mechanical equi- 
valent of heat, 275. 

Kelland (Prof.) on instruction in elemen- 
tary geometry, and on the syllabus 
drawn up by the Association for the 
improvement of geometrical teach- 
ing, 8. 

Kent’s Cavern, Devonshire, twelfth re- 
port of the committee for exploring, 1. 

Lebour (G. A.) on experiments to deter- 
mine the tnermal conductivities of 
certain rocks, 19 ; on underground 
temperature, 204. 

Lee (J. E.) on the exploration of Kent’s 
Cavern, 1 ; on the erratic blocks of 
England and Wales, 110. 

Levi (Prof. L.) on the practicability 
of adopting a common measure of 
value m the assessment of direct 
taxation, 27 j on the work of the 
Anthropometric Committee, 266. 

Lubbock (Sir J., Bart.) on the explora- 
tion of Kent’s Cavern, 1 ; <5n the 
exploration of the Settle Caves, 115, 

Luminous meteors, report on observa- 
tions of, during the year 1875-76, 119. 

Maw (G.) on underground temperature, 
204. 

Maxwell (Prof. J. C.) on Ohm’s law, 
86 ; on underground temperature, 204; 
on the mechanical equivalent of heat, 
275. 
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Mechanical equivalent of heat, first re- 

S ort of the committee appointed to 
etermine the, 275. 

Meldrum (C.) on cyclone and rainfall 
periodicities in connexion with the 
sun-spot periodicity, 267. 

Miall (Prof. L. 0.) on the erratic blocks 
of England and Wales, 110 ; on the 
exploration of the Settle Caves, 115. 
Milne-Holme (D.) on earthquakes in 
Scotland, 74. 

Molyneux (W.) on the circulation of 
underground waters, 95. 

Monk (T. J.) on the possibility of es- 
tablishing a “ close time ” for the 
protection of indigenous animals, 63. 
Morley (Mr.) on the practicability of 
adopting a common measure of value 
in the assessment of direct taxation, 27. 
Morton (G. H.) on the circulation of 
undergroundwaters, 95; on the erratic 
blocks of England and Wales, 110, 
Mouat (Dr.) on the work of the Anthro- 
pometric Committee, 266. 

Napier (J. R.) on the effect of propellers 
on the steering of vessels, 66. 
Newmarch (Mr.) on the practicability 
of adopting a common measure of 
value in the assessment of direct taxa- 
tion, 27. 

Newton (Prof.) on the possibility of 
establishing a “ close time ” for the 
protection of indigenous animals, (53. 
Nitrous oxide in the gaseous and liquid 
states, W. J. Janssen on, 211. 

Ohm’s law, report on, 36. 

Oldham (J.) on tidal observations, 275. 

Parkes (W.) on tidal observations, 275. 
Pengellv (W.) on the exploration of 
Kenrs Cavern, 1 ; on the circula- 
tion of underground waters, 95 ; on 
underground temperature, 204. 

Plant (J.) on the circulation of under- 
ground waters, 95. 

Prestwich (Prof.) on the circulation of 
underground waters, 95; on the erratic 
blocks of England and Wales, 110 ; 
on the exploration of the Settle Caves, 
115; on underground temperature, 
204 . 

Price (Rev. Prof.) on instruction in 
elementary geometry, and on the 
syllabus drawn up by the Association 
for the improvement of geometrical 
teaching, 8. 

Propellers, the effect of, on the steering 
ot vessels, report on, 66. 


Pye-Smith (Dr.) on intestinal secretion 
and movement, 308. 

Rainfall and cyclone periodicities in 
connexion with the sun-spot periodi- 
city, C. Meldrum on, 267. 

of the British Isles for the years 

1875-76, report on the, 172. 

Ramsay (Prof.) on underground tem- 
perature, 204. 

Rawlinson (Sir II.) on the work of the 
Anthropometric Committee, 266. 

Rawson (Sir R.) on the work of the 
Anthropometric Committee, 266. 

Reade (M.) on the circulation of under- 
ground waters, 95. 

Reynolds (Prof. 0.) on the effect of 
propellers on the steering of vessels, 
66 ; on the investigation of the steer- 
ing qualities of ships, 70. 

Richards (Admiral) on tidal observa- 
tions, 275. 

Rolleston (Prof.) on the work of the 
Anthropometric Committee, 260. 

Rosse (the Earl of) on the rainfall of 
the British Isles for the years 1875- 
76, 172. 

Salmon (Dr.) on instruction in elemen- 
tary geometry, and on the syllabus 
drawn up by the Association for the 
improvement of geometrical teach- 
ing, 8. 

Sanford (W. A.) on the exploration of 
Kent's Cavern, 1. 

Saunder (S. A.) and G. Chrystal, results 
of a comparison of the British -Assoc- 
iation units of electrical resistance, 
13. 

Schuster (Dr. A.) on Ohm’s law, 36. 

Scotland, seventh report on earthquakes 
in, 74. 

Settle Caves (Victoria Cave), fourth re- 
port on the exploration of the, 115. 

Sewage, eighth report on the treatment 
and utilization of, 225. 

Shaen (Mr.) on the practicability of 
adopting a common measure of value 
of in the assessment of direct taxation, 
27. 

Smith (Prof. H. J. S.) on instruction in 
elementary geometry, and on the 
syllabus drawn up by the Association 
for the improvement of geometrical 
teaching, 8. 

Smyth (J., jun.) on the rainfall of the 
British Isles for the years 1875-76, 
172. 

Spottiswoode (W.) on instruction in 
elementary geometry, and on the 
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syllabus drawn up by the Association 
for the improvement of geometrical 
teaching^ 8. 

Steering or vessels, report on the effect 
of propellers on the, 68. 

qualities of ships, Prof. 0. Rey- 
nolds on the investigation of the, 70. 

Stewart (Prof. Balfour) on the mecha- 
nical equivalent of heat, 275. 

Sun-spot periodicity, C. Mel drum on 
cyclone and rainfall periodicities in 
connexion with the, 2o7. 

Sylvester (Prof.) on instruction in ele- 
mentary geometry, and on the sylla- 
bus drawn up by the Association for 
the improvement of geometrical 
teaching, 8. 

Symons (U-. J.) on the rainfall of the 
British Isles for the years 1875-76, 
172 ; on underground temperature, 
204. 

Tait (Prof.) on the mechanical equi- 
valent of heat, 275. 

Taxation, direct, local and imperial, re- 
port on the practicability of adopting 
a common measure of value in the 
assessment of, 27. 

Temperature, underground, ninth report 
on the rate of i »<*!■• *»m»* of, downwards 
in various localities of dry land and 
under water, 204. 

Thermal conductivities of certain rocks, 
third report on experiments to deter- 
mine the, showing especially the geo- 
logical aspects oi the investigation, 

Thomson (Prof. J.) improved investiga*- 
tions on the flow of water through 
orifices, with objections to the modes 
of treatment commonly adopted, 245. 

(Prof. Sir W.) on the effect of 

propellers on the steering of vessels, 
66; on earthquakes in Scotland, 74; 
on underground temperature, 204 ; on 
the mechanical equivalent of heat, 
275 ; on tidal observations, 275. 

?idal observations, report of the com- 
mittee appointed to promote the ex- 


tension, improvement, and harmonic 
analysis of, 275. 

Tiddeman (R. H.) on the exploration of 
the Settle Oaves, 115. 

Tomlinson (C.) on the rainfall of the 
British Isles for the years 1875-76, 
172. 

Townsend (Rev. Prof.) on instruction 
in elementary geometry, and on the 
syllabus drawn up by the Association 
for the improvement of geometrical 
teaching, 8. 

Treatment and utilization of sewage, 
eighth report on the, 225. 

Tristram (Rev. Canon) on the possibility 
of establishing a u close time 99 for 
the protection of indigenous animals, 
63. 

r-i 1 .rr>t.md temperature, ninth report 
on the rate of increase of, downwards 
in various localities of dry land and 
under water, 204. 

waters in the New Red Sandstone 

and Permian formations of England, 
the circulation of the, and the quan- 
tity and character of the water sup- 
plied to various towns and districts 
from these formations, second report 
on, 95. 

Utilization of sewage, eighth report on 
the treatment and, 225. 

Vivian (E.) on the exploration of Kent’s 
Cavern, 1. 

Whitaker (W.) on the circulation of 
underground waters, 95. 

Williamson (Prof. A. W.) on the treat- 
ment and utilization of sewage, 225. 

Wilson (J. M.) on instruction in ele- 
mentary geometry, and on the sylla- 
bus drawn up by the Association for 
the improvement of geometrical 
teaching, 8. 

Woodward (C. J.) on the erratic blocks 
of England and Wales, 110. 

Wynne (A. B.) on underground tem- 
perature, 204. 
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INDEX II. 


TO 

MISCELLANEOUS COMMUNICATIONS TO THE 
SECTIONS. 


[An asterisk (*') signifies that no abstract of the communication is given.] 


* Abies, the structure of the leaf in 

different species of, Prof. M‘Nab on, 
144. 

•Abney (Oapt.), photometric measure- 
ments of the magneto-electric light, 
36. 

Accident insurance by sea and land, P. 
M. Tait on the theory and practice of, 

Aconites, the alkaloids of the, Dr. C. It. 
A. Wright on, 71. 

•Acoustic analogues to motions in the 
molecules of gases, G. J. Stoney on, 

Adams (Prof. A. Leith) on gigantic 
land-tortoises and a freshwater species 
from the Maltese caverns, with obser- 
vations on their fossil fauna, 145. 
Africa, Equatorial, Commander Cameron 
on his journey through, 181. 

# , South-Eastern, Mr. Stephenson 

on the civilization of, 208. 

Age of the Earth, J. Croll on the tidal 
retardation argument for the, 88. 
Agricultural statistics, W. Botly on, 194. 
Agriculture, primitive, A. W. Auckland 
on, 104. 

*Akem, and its people, West Africa, 
Capt. J. S. Hay on, 183. 

•Akkem, West Africa, Capt. J. S. Hay 
and Commander Cameron on horned 
men of,- 165. 

Alcohol, the action of, on the brain, C. 
Kingzett on, 154. 

•Alexander (General Sir J.) on the 
oldest woman in Scotland, 104. 


•Alkali waste, W. Weldon on the means 
of Mippro-iiig, 70. 

Alkaloids of the aconites, Dr. C. R. A. 
Wright on the, 71. 

Allan (F. H. T.) on a safe and rapid 
evaporating-pan, 61. 

•Alum process in sugar-refining, J. A. 
It. Newlands on the, 60. 

•Amnionic seleniocyanide, Dr. Cameron 
on, 63. 

Anatomy and Physiology, Dr. J. G. 

Kendrick’s Address to the Depart- 
ment of, 120. 

•Andaman Islands, two skulls from the, 
I)r. Allen Thomson on, 169. 

•Aniline, the transformation of chinoline 
into, Prof. Dewar on, 63. 

•Animals, J. Shaw on the mental pro- 
gress of, during the human period, 
169. 

*Antedon rosacmis ( Comatula rosacea , 
Lamk.), the nervous system of, Dr. 
W. B. Carpenter on, 140. 

* , y j) r> w. B. Carpenter on the 

morphology and histology of, 148. 

Anthracene compounds, some new, W. 
H. Perkin on, 67. 

testing, J. T. Brown on, 62. 

•Arenaceous Foraminifera collected in 
the i Valorous ’ expedition, Dr. W. B. 
Carpenter on the, 146. 

Argyll (the Duke of) on the physical 
u."< *f i :i-*TT! 1 j'V.ii , uD i:- <vir!:.»w\#n 
with their geological history, 81. 

Arithmetic, W. H. Waienn on division- 
remainders in, 30. 
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Arrow-heads, W. J. Knowles on the 
classification of, 166. 

•Arthurian apple and the serpent of the 
ancients, J. o. Phen6 on the, 169. 

* Articulate speech, a hypothesis of the 
perception of, Dr. Cassells on, 148. 

Astronomical clock, a new form of, with 
free pendulum and independently 
governed uniform motion for escape- 
ment-wheel, Sir W. Thomson on, 49. 

Atlantic Ocean, the temperature obtained 
in the, during the cruise of H.M.S. 

‘ ‘Challenger,’ Staff -Commander Ti- 
zard on, 185. 

•Atmosphere, an apparatus for the 
analysis of impurities in the, E. M. 
Dixon on, 63. 

•Atomic weights of the elements, J. A. R. 
Newlands on relations among the, 06. 

•Ayrton (Prof.) and Prof. Perry on the 
contact theory of voltaic action, 42. 

•Bagshot peat-beds, W. S. Mitchell on 
the, 94. 

Baird (Capt. A. W.) on tidal operations 
in the Gulf of Cutch by the Great 
Trigonometrical Survey of India, 52. 

Balfour (F. M.) on the development of the 
proto- vertebras in Elasmobranchs, 147. 

(J. B.) on the Pandanese of the 

Mascarene and Seychelles Islands, 142. 

•Banks (J.) on sewage purification and 
utilization, 62. 

•Barrett (Prof.) on a form of gashol- 
der giving a uniform flow of gas, 48 ; 
•diagrams and description of the new 
lecture-table for physical demonstra- 
tion in the Royal College of Science 
for Ireland, 48 ; *two new forms of 
apparatus for the experimental illus- 
tration of the expansion of solids by 
heat, 48 ; *on some phenomena asso- 
ciated with abnormal conditions of 
mind, 164. 

•Basic salts, G. J. Stoney on the consti- 
tution of, 69. 

•Bathometer, description of the, by Dr. 
C. W. Siemens, 31. 

•Beaumont (Major) on the Sub- Wealden 
exploration, 87 ; •on the removal of 
subaqueous rocks by the diamond 
rock-borer, 219. 

•Bergeron (M.) on the removal of sand- 
bars from harbour mouths, 219. 

•Beynon (J. B.) on a hand- machine for 
shaping and finishing metal surfaces, 
219. 

•Biggs (H. W.) on a new voltaic bat- 
tery, 62. 

Biological results of a cruise in H.M.S. 


'Valorous ? to^ Davis Strait in 1875, 
J. Gwyn Jeffreys on the, 147. 

Biological Section, A, R. Wallace’s Ad- 
dress to the, 100. 

Bismuth, certain compounds of, M. M. 
P. Muir on, 66. 

"Boarding-oui of pauper children in Eng- 
land, W. Tullack on the, 209. 

Boiler incrustation and corrosion, F. J. 
Rowan on, 229. 

•Borrowdaile series of the Coniston flap 
of the north of England, Profs. Dark- 
ness and H. A. Nicholson on the 
strata and fossils between the, 90. 

Bosanquet (R. H. M.) on the conditions 
of the transformation of pendulum- 
vibrations, with an experimental illus- 
tration, 45. 

•Bosjes skulls, Dr. Knox on, 166. 

Botany and Zoology, Prof. A. Newton’s 
Address to the Department of, 119. 

Botly (W.) on agricultural statistics, 
194. 

•Bottomley (J. T.), determination of 
the conductivity of heat by water, 36. 

Boulger (G. S.) on the evolution of sex 
in the vegetable kingdom, 142. 

•Bowden (A.) on a new route to the 
source of the Niger, 181. 

•Brake-problem, J. Steel on the, 233. 

•British Guiana, W. Harper on the 
natives of, 165. 

Brooke (H. G.) and E. 0. Hopwood on 
the changes of the circulation which 
are induced when the blood is ex- 
pelled from the limbs by Esmarch’s 
method, 147. 

•Brown (A. B.) on a flanging-iron and 
steel plates for boiler purposes, 219; 
on an engine for starting and rever- 
sing large marine engines, 219. 

(Colin), true intonation, illus- 
trated by the voice-harmonium with 
natural flngeT -board, 46. 

* (Prof. Crum) on the action of 

pentachloride of phosphorus on tur- 
pentine, 62. 

(J. T.) on anthracene-testing, 62. 

Bryce (Dr. J.) on the granite of Strath- 
Errick, Lough Ness, 87. 

•Buchanan (J. Y.) on some instruments 
used in the 1 Challenger,’ 63 ; *on the 
specific gravity of the surface-water 
of the ocean as observed during the 
cruise of H.M.S. ‘Challenger,’ 181; 
•on a new deep-sea thermometer, 181. 

Buckland (A. W.) on primitive agricul- 
ture, 164. 

Burt (Rev. J. S.) on the economy of 
penalties, 195. 
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Biisacott (Rev. A.) on the present ex- 
tent of slavery and the slave trade, 
with a reference to the progress of 
abolition since the American war, 
196. 

Caird (A. M‘N.) on some special evils 
of the Scottish poor-law, 197. 

Cameron (Commander V. L.) on his 
journey through equatorial Africa, 
181 ; *and Capt J. S. Hay on horned 
men of Akkem, in Africa, 165. 

* (Hr.) on amnionic seleniocyanide, 

63. 

* (Rev. Mr.) on relation of Gaelic 

and English, 164. 

Canidce. the brain of the, R. Gamer on, 
152. 

Capital, Hyde Clarke on the part in the 
operation of, due to fixed or limited 
amounts invested in trade, 198. 

•Carbonic acid, liquid, in minerals, W. 
N. Hartley on the critical point of, 

64. 

Carboniferous system of the British 
Isles, Prof. E. Hull on the upper 
limit of the essentially marine beds of 
the, and the necessity of the establish- 
ment of a middle Carboniferous group, 
90. 

•Carmichael (Dr. N.) on spontaneous 
evolution and the germ theory, 146. 

•Carpenter (P. H.), remarks on the 
anatomy of the arms of the Crinoids, 
146. 

* (I)r. \V. B.) on the Arenaceous 

Foraminifera collected in the ‘ Valor- 
ous’ expedition, 146; *further re- 
searches on the nervous system of 
Antedon rosacem ( Comatida rosacea , 
Lamk.), 146; *on the morphology 
and histology of the nervous system 
of Antedon rosaceus ( Comatula rosa- 
cea, Lamk.), 148. 

Carron valley, county of Linlithgow, 
D. Milne-Holme on high-level terraces 
in, 94. 

•Cassells (Dr.) on a hypothesis of the 
perception of articulate speech, 148. 

Cast iron, W. J. Millar on the strength 
and fracture of, 227. 

•Cement, G. F. Deacon on the form of 
blocks for testing, 220. 

Central nucleus of a plane section, Prof. 
G. Jung on a new construction for 
the, 25. 

•Centroids and their application to 
some mechanical problems, Prof. A. 
B. W. Kennedy on, 26. 


Cerruti (G. E.) on his recent explora- 
tions in N.W. New Guinea, 182. 

(V.) sur les mouvements ap6rio- 

diques des syst^mesde points mat&iels, 

12 . 

Cetacea, Dr. D. J. Cunningham on the 
spinal nervous system of the, 149. 

4 Ceylon, B. F. Hartshome on [ the 
Rodiyas of, 165. 

*‘ Challenger,’ some instruments used in 
the, J. Y. Buchanan on, 63. 

Changes affecting the southern exten- 
sion of the lowest Carboniferous rocks, 
G. A. Labour on the, 93. 

Chemical Section, W. II. Perkin’s Ad- 
dress to the, 55. 

•Cheques, &c., F. Ward on the preven- 
tion of fraudulent alterations in, 70. 

•Cliinoline, the transformation of, into 
aniline, Prof. Dewar on, 63. 

•Chippendall (Lieut. W. II.), observa- 
tions on the White Nile between 
Gondokoro and Appuddo, 182. 

* Choreocholax polysiphoni<c , Reinsch, 

Prof. M‘Nab on, 144. 

Chromium, J. Priestley on the physio- 
logical action of, 150. 

Circulation, II. G. Brooke and E. O. 
Hopwood on the changes in the, which 
are induced when the blood is expelled 
from the limbs by Esmarch’s method, 
147. 

Clarke (Ilvde) on the prehistoric names 
for man, monkey, lizard, &c., 165 ; on 
Ilittite, Khita, Hamath, Canaanite, Ly- 
dian, Etruscan, Penman, Mexican, &c., 
165 ; on the part in the operation of 
capital due to fixed or limited amounts 
in^s ested in trade, 198. 

Cleland (Prof.) on the morphological 
relations of the lower end of the hu- 
merus, 148 ; *on a hydrocephalic 
skull, and on the duplicity of the 
temporal ridge, 149 ; *on a Sooloo 
skull, 165. 

Closed cunes, general theorems relating 
to, by Prof. P. G. Tail, 29. 

•Clyde, Col. Hope on the purification of 
the, 64. 

Coal, Prof. E. Hull on a deep boring for, 
at Scarle, near Lincoln, 91. 

* , Prof. J. Thomson on ridgy struc- 

ture in, with suggestions for account- 
ing for its origin, 96. 

* gas, the proximate analysis of, 

W. Dittmar on, 63. 

measures, recent researches into 

the organization of some of the plants 
of the, by Prof. W. C. W .. r.- : , 

98. J 
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•Cohn (Prof.), experiments on the for- 
mation and growth of artificial silica 
cells, 146. 

Coleman (J. J.) <■-. ,■ . ■ .1 • 

machine for the ■ ■■ .v- - 

by combined cold * and pressure, re- 
cently employed in the manufacture 
of volitile liquid hydrocarbons, C33 5 
•experimental researches on the che- 
mical treatment of town excretion, 66 ; 
on a machine for the liquefaction of 
jpises by combined cold and pressure, 

•Communications between pa singers 
and guards in railway trains, 266. 

Compass, an unmistakable true north, G. 
J. Symons on, 46. 

• correction in iron ships, Sir W. 

Thomson on, 45. 

•Concrete, G. F. Deacon on the strength 
of, as affected by delay between 
mixing and placing in situ] 220 . 

•Conductivity of heat, determination of 
the, by water, by J. T. Bottomley, 60. 

•Contact electricity, Sir W. Thomson 
on, 45. 

Convergents, T. Muir on, 27. 

Copper extraction bv the wet way, the 
history of, by W. Henderson, 04. 

* zinc couple, Prof. Gladstone on 

the influence of the condition and 
of the negative element on 
!'-e j. 1 1 i ■»! 1 of the, 64. 

Coral Sea, explorations in the islands of 
the, by K. Nichols, 107, 186. 

Cotarnine derivatives, new, Dr. C. II. A. 
Wright on, 70. 

Cremona (Prof. L.) sur les systemes de 
spheres et les systemes de droites, 

•Crinoids, remarks on the anatomy of 
the arms of, by P. H. Carpenter, 140. 

*Croll (J.) on the transformation of 
gravity, 60; on the tidal-retardation 
argument for the age of the earth, 88 . 

Crookes (W.) on the influence of the 
residual gas on the movement of the 
radiometer, 60. 

Crum-Ewing (A.) on drainage outlets 
through slob lands, 220 . 

•Cunningham (Dr. D. J.) on Defphmus 
albirostris , 146; on the spinal nervous 
system of the Cetacea, 149. 

•D’Almeida (W. B.) on Perak and Sa- 
lan^ore. 182. 

Darwin (G. H.) on graphical interpola- 
tion and integration, 16. 

•Darwinism, Rev. F. 0. Morris on a 
double dilemma in, 147. 


Day (St. J. V.) on recent attempts at 
patent legislation, 198. 

•Deacon (G. F.) on the form of blocks 
for testing cement, 220 ; # on the 
strength of cement as affected by de- 
lay between mixing and placing in 
situ, 220 . 

Deas (J.), description of Stobcross Docks, 

220 . 

•Deep-sea soundings, ■ 11 \ L < 1 ; is id. in a 
ship moving at high -i-'-i, v ir W. 
Thomson on, 54. 

* Ddphinus albirostris , Dr. D. J. Cun- 
ningham on, 146. 

Do Uance (C. E.) on the variation in 
thickness of the middle coal-measures 
of the Wigan coal-field, 89. 

Determinants, J. W. L. Glaisher on 
certain, 16. 

•Determination of the conductivity of 
heat bv water, by J. T. Bottomley, 
60. 

♦Dewar (Prof. J.) on a new form of 
electrometer, 42 ; *011 the transforma- 
tion of chinoline into aniline, 06; 
♦recent additional observations on the 
physiological action of sight, 151. 

Dickson (Prof. A.) on two monstrosities 
of Matricaria inodor a, 146 ; on latici- 
ferous canals in fruit of Lhnnocharh 
Vlumieri , 144. 

*l)iet, the racial, in India, Surgeon- 
Major Johnston on the dynamics of, 
154. 

•Diffusion of liquids, secular illustration 
of the laws of the, 65. 

*l)ioncea muscipula (fly-trap), new re- 

' searches on the electrical phenomena 
consequent on irritation of the leaves 
of the, by Prof. Burdon Sanderson, 
106. 

•Bittnmr (W.) on the proximate ana- 
lysis of coal-gas: remarks on Re- 
boiil’s paper on pyro-tartaric acid, 63. 

Division-remainders in arithmetic, by 
W. II. Walenn on, 60. 

•Dixon (E. M.) on an apparatus for the 
analysis of impurities in the atmo- 
sphere, 66 . 

Dobson (T.) on improved safety-appa- 
ratus for mine-hoists and warehouse- 
lifts, 222 . 

Dock- and quay- walls, foundations, &c., 
T. S. Hunter on, 225. 

Drainage outlets through slob lands, A. 
Crum-Ewing on, 220. 

Drifts and boulders of the upper part of 
the valley of the Wharfe, Rev. E. 
Sewell on the, 95. 

•Dunnachie (J.) on fire-brick, 63. 
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•Earthquake districts of Scotland, Dr. 
J. Bryce on the, 88. 

•Eastern picture-writing, J. Park Har- 
rison on the, 165. 

•Eclipse of the sun observed at Siam in 
April 1875, 40. 

Economy of penalties, Rev. J. S. Burt 
on the, 195. 

Education, compulsory, Dr. W. Jack on 
the results of nve years of, 200. 

* , physical, and hygiene in schools, 

W. Jolly on, 207. 

Elasmobranchs, F. M. Balfour on the 
development of the proto- vertebrae in, 
147. 

Electric induction and conduction, O. J. 
Lodge on a mechanical illustration of, 
42. 

•Electricity, contact, Sir W. Thomson 
on, 45. 

•Electrometer, Prof. J. Dewar on a new 
form of, 42. 

Engine for starting and reversing large 
marine engines, A. B. Brown on an, 
210 . 

Equatorial Africa, Commander Cameron 
on his journey through, 181. 

E\ans (Captain F. J.), Address by, to 
the Geographical Section, 109. 

• (M.) on the application of spring 

fenders to pierheads, 22 3; # on a safety- 
lock for facing-points, 223. 

Evaporating-pan, a safe and rapid, F. 
if T. Allen on, 61. 

Evolution of sex in the vegetable king- 
dom, (j. S. Boulger on the, 142. 

•Expansion of solids by heat, two new 
forms of apparatus for the experi- 
mental illustration of the, by Prof. 
Barrett, 48. 

•Excretion, town, experimental re- 
searches on the chemical treatment 
of, by J. J. Coleman, 63. 

•Faring-poiiiN, M. Evans on a stifety- 
lock for, 223. 

Fell ( J. B.) on the experiments made at 
the camp at Aldershot with a new 
form of military field-railway, for 
rapid construction in war-time, 223. 

•Fergusson (A.) on white-lead, 03. 

Filtering-sand, J. Lang on an apparatus 
for cleaning, 232. 

•Finland, Rev. J. Pattison on a journey 
across, from Ellenborg to Archangel, 
via Kemi, 183. 

•Fire-brick, J. Dunnachie on, 03. 

First elliptic integral, Prof. F. W. New- 
man on the use of Legendre's scale 
for calculating the, 28. ~ 


•Flanging-iron and steel plates for boiler 
purposes, A. B. Brown on a, 219. 

•Fleming (S.) on the conventional 
division of Time now in use, and 
its disadvantages in connexion with 
steam communications in different 
parts of the world ; with remarks on 
the desirability of adopting common 
time over the globe for railways and 
steam-ships, 182. 

Flesh diet m tropical climates, C. O. 
Groom Napier on the unwholesome- 
ness of, 153. 

Fluids, Prof. F. Guthrie and Dr. F. 
Guthrie on the passage of, through 
capillary and other tubes, 31, 

Fly-trap ( Diomea mmcipula), new re- 
searches on the electrical phenomena 
consequent on irritation of the leaves of 
the, by Prof. Burdon Sanderson, 136. 

•Forbes (Prof) on the site of the grave 
of Genghiz Khan, 182. 

(Dr. L.) on the Samoan Archipe- 
lago, 183. 

Foula, G. A. Gibson on the physical geo- 
logy and geological structure of, 90. 

•Fraction expansions for series, T. Muir 
on the relation between two con- 
tinued, 28. 

Fritsch (Dr. A.) on Labyrinthodont re- 
mains from the Upper Carboniferous 
(gas-coal) of Bohemia, 89. 

•Froude ( W. ), mechanical theory of the 
soaring of birds, 31. 

Gaelic and English, the relation of, Rev. 
W. Cameron on, 164. 

inhabitants of Scotland, Hector 

MacLean on the, 166. 

‘ . opulation of Scotland, 

Re* I J ■ ■ ■ on the educational 

value of their native language to the, 
208. 

Gallon (Capt. D.) on railways on three- 
foot gauge in the United States, 
224. 

•Gamgee (Prof.) on the physiological 
action of pyro-, meta-, and ortho- 
phosphoric acids, 64. 

and L. Larmuth on the action of 

vanadium upon the intrinsic nervous 
mechanism of the frog’s heart, 151. 

, J. Priestley, and L. Larmuth on 

the difference in the poisonous 
activity of phosphorus in ortho-, 
meta-, and pyro-phosphoric acids, 
151; on the action of p\rophos- 
phoric acid on the circulation, 152 . 

Gamer (R.) on the brain of the CaniduBj 
152. 
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Garnets, doubly-refracting, Dr. von La- 
saulx on, 92/ 

Gas-condensing machine for the lique- 
faction of gases by combined cold and 
pressure, J. S. Coleman on a, 03, 
220 . 

•Gasholder, a form of, giving a uniform 
flow of gas, Prof. Barrett on, 48. 

•Genghiz Khan, the site of the grave of, 
Prof. Forbes on, 182. 

General theorems relating to closed 
curves, by Prof. P. G. Tait, 29. 

Genesis, the possible, of the chemical 
elements out of a homogeneous cosmic 
gas or common vapour of matter, Dr. 
Macvicar on, G5. 

Geographical Section, Capt. F. J. Evan’s 
Address to the, 109. 

Geological Section, Prof. J. Young’s 
Address to the, 72. 

Geology, the physical and geological 
structure of Foula, G. A. Gibson, on, 
90. 

♦Germ theory, spontaneous evolution 
and the, by Dr. N. Carmichael, 140. 

Gibson ( G. A.) on the ph\ sical geology 
and geological structure of Foula, 
98. 

•Gilchrist (Dr.) on the red soil of India, 
90. 

•Gimingham (C. II.) on a modification 
of the Sprengel pump, and a new 
form of vacuum-tap, 49. 

•Gladstone (Prof.) on the influence of 
the condition and quantity of the 
negative element on the action of the 
copper-zinc couple, 04. 

Glaisher (J. W. L. ) on certain deter- 
minants, 13 ; on a series summation 
leading to an expression for the theta 
function as a deiinite integral, 15. 

•Glen Roy, the parallel roads of, J. 
Macfadzean on, 93. 

, , 1). Milne Home on, 93. 

•Glucinum, its atomic weight and spe- 
cific heat, Dr. J. E. Reynolds on, 
68 . 

Gold standard, the British, Dr. W. N. 
Hancock on the importance of extend- 
ing, to India, 198. 

f or India, the depreciation 

of silver and a, S. Mason on, 207. 

•Grain-sieve, J. II. Greenhill on an im- 
proved, 225. 

Granite and Old Red Sandstone, E. A. 
Wiinsch on the junction of, at Glen 
Sannox, Arran, 98. 

of Strath-Errick, Lough Ness, 

Dr. J. Bryce on the, 87 ; *on the 
earthquake districts oi Scotland, 88. 


Graphical interpolation and integration, 
G. II. Darwin on, 13. 

representation of the moments of 

resistance of plane figures, r6sum6 of 
researches upon the, by Prof. G. Jung, 
23. 

•Gravity, J. Croll on the transformation 
of, aa 

•Greenhill (J. H.) on an improved 
grain-sieve, 225. 

Grubb (H.) on the testings of large 
objectives, 36; on recent improve- 
ments in equatorial telescopes, 37 ; 
on a method of photographing the 
defects in optical glass arising from 
want of 1 ■. ■ * , 37. 

Gulf of Cutch, tidal operations in the, 
Capt. A. W. Baird on, 52. 

•Guthrie (Dr. F.) and Prof. F. Guthrie 
on the passage of fluids through capil- 
lary and other tubes, 31. 

* (Prof. F.) on solid water, 64. 

Haeckel (E.) uber die Physcmarim 
(Ilaliphysema und Gastrophysema ), 

Hancock (Dr. W. A.) on Savings’ Banks 
as a State function developed by 
charity «-r_ r fmi/nli'.ii. 199; on the im- 
portance of extending the British gold 
standard, with subordinate silver 
coins, to India as a remedy for the 
inconvenience in India of a rapid de- 
preciation of sil\er, 198. 

•lLarkness (Prof.) and Prof. A. H. 
Nicholson on the strata and fossils 
between the Borrowdaile series of the 
Coniston flags of the north of Eng- 
land, 90. 

•Harp er (R. R.) on improvements in 
railway appliances, 225. 

* (W.) on the natives of British 

Guiana, 105. 

•Harrison (J. Park) on the Eastern 
picture-writing, 105 

•Hartley (W. N.) on the critical point 
of liquid carbonic acid in minerals, 
04. 

•Ilartshorne (B. F.) on the Rodiyas of 
Ceylon, 165. 

•Ilay (Capt. J. S.) and Commander 
Cameron on horned men of Akkem, 
in Africa, 105. 

Hayden (W .) on parallel motion, 16. 

•Heart, Dr. Paton on the action and 
sounds of the, 155. 

Henderson (W.), the history of copper 
extraction by the wet way, 64. 

llennessy (Prof.) on the decrease of 
temperature with height on the 
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earth’s surface, 39 ; on the distribu- * India, Dr. Gilchrist on the red soil of, 
tion of temperature over the British 90. 

Islands, 80 ; *on new standards of Indian opium revenue, Rev. F. S. Turner 
measure mid weight. 49. on the statistics of the, 210. 

•Heywood (J.) on the memorial of instability of steady motion, Sir W. 

eminent scientific gentlemen in favour Thomson on a new case of, 35. 
of a permanent scientific museum, instinct, Rev. J. M‘Cann on the origin 
199. of, 100. 

Highlands, the physical structure of Inverse problems of moments of inertia 
the, in connexion with their geologi- and of moments of resistance, rdsumd 

cal history, the Duke of Argyll on, of researches on the, by Prof. G. Jung, 

81. 21. 

High-level ten-aces in Carron valley, Iodine, E. C. C. Stanford on the manu- 
county of Linlithgow, D. Milne- facture of, 08. 

Home on, 94. Ireland, II. Jephson on the valuation of 

Hittite, Khita, Hamath, Canaanite, Ly- property in, 200. 

dian, Etruscan, Peruvian, Mexican, iron ships, compass correction in, Sir 
&c., Hyde Clark on, 105. W. Thomson on, 45. 

Holmes (J. V.) and li. Russell on the iso-purp urine, Dr. W. A. Tilden on a 
raised beach on the Cumberland new, 70. 

coast, between Whitehaven and Low- 
ness, 95. * Jack (R. L. ) on Tertiary basalt-rock 

ilope (Col.) on the purification of the dykes in Scotland, 92. 

Clyde, 04. ( Dr. W.) on the results of fi v e years 

Ilopwood (E. O.) and II. G. Brooke on of compulsory education, 200. 

the changes in the circulation which * Janssen (Dr. J.) &ur les usages du re- 

are induced when the blood is ex- volver photograph ique en astronomic 

pelled from the limbs by Esmarchs et en biologic, 40 ; * photographies du 

method, 147. passaged© Venus a Ivobd, 40 ; *sur le 

ilorck (II. v. II. v. d.) on the Lap- mirage en mer, 40; * on solar photogra- 

landers and poople of the north of phy, with reference to the nistory of 

Europe, 100. the solar surface, 40 ; *on the eclipse 

•Homed men of Akkem in Africa, of the sun observed at Siam in April 

Capt. J. S. Hay and Commander 1875, 40. 

Cameron on, 105. Jeffery (11. M.) on plane cubics of the 

Hull (Prof. E.) on the upper limit of third class with a double and a single 

■ i iis’ly *■.<.■ he beds of the car- focus, 17; on spherical ciass-cuhics 

i- : ■ -i of the British Isles, with double foci and double cylic arcs, 

and the necessity for the establish- 19. 

ment of a middle carboniferous group, J effreys ( J .G wyn), the biological results 
90; on a deep boring for coal at of a cruise m II.M.S. 1 Valorous ’ to 
Scarle, near Lincoln, 91. Davis Strait in 1875, 147. 

Humerus, Prof. Cleland on the morpho- Jephson (II.) on the valuation of pro- 

logical relations of the lower end of perty in Ireland, 200. 
the, 148. *Johnston ( < .*) on the dy~ 

Hunter (T. S.) on dock- and quay-walls, namics of i i. \i, iii! u ,- : in India, 154. 

foundations, &c., 225. * Jointed prismatic structure in basalts 

•Hunterian Museum, Prof. J. Young on and other igneous rocks, further illus- 
the new cases in the, 147. trations of the, by Prof. J. Thomson, 

•Hydriodic acid, R. D. Silva on the 90. 
action of, on mixed ethers of the * Jolly (W.) on physical education and 

general formula C»H 2 ?i+ , 4 - 0 . 0113 , 08. hygiene in schools, 207. 
•Hydrocarbons from turpentine, two Jordan valley, Prof. Porter on the phy- 
new, A. C. Letts on, 65. sical conformation and antiquities of 

Hydro-geological surveys, B. Latham on the, 184. 

the importance of, from a sanitary Jung (Prof. G.), resume of researches on 
point 01 view, 220. the inverse problems of moments of 

•Ilygiene, physical education and, in inertia and of moments of resistance, 
schools, W. Jolly on, 207. 21 ; rdsumd of researches upon the 

graphical representation of the mo- 
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meats of resistance of plane figures, 
23; on a new construction for the 
central nucleus of a plane section, 25. 

•Kennedy (Prof. A. B. W.) on cen- 
troids, and their application to some 
mechanical problems, 26 ; *on Reu- 
leux’s treatment of mechanisms, 226. 

Kerr (Dr. J.) on rotation of the plane of 
polarization by reflection from a mag- 
netic pole, 40. 

Kingzett (C. T.) on the limited oxida- 
tion of terpenes (Part IV.), 64; on 
the action of alcohol on the brain, 
! 54 . 

Knowles (W. J.), the classification of 
arrow-heads, 166; additional remarks 
on the find of prehistoric objects at 
Portstewart, 100. 

# Knox (Dr.) on Bosjes skulls, 166. 

Labyrinth odont remains from the upper 
Carboniferous (gas-coal) of Bohemia, 
Dr. A. Fritsch on, 80. 

*Ladd (W.), a description of Spottis- 
woode’s pocket polarizing apparatus, 
4L 

•Lamina immersed obliquely in a fluid 
stream, Lord Rayleigh on the forces 
experienced by a, 31. 

Lamp, R. Lavender on a new form of, 
22 0 . 

•Laplanders and people of the north of 
Europe, II. v. II. v. d. Ilorck on the, 
166. 

Larmuth (L.) on the poisonous acthitv 
of vanadium in ortlio-, meta-, and py ro- 
vanadic acids, loo. 

and Prof. Gamgee on the action 

of vanadium upon the intrinsic ner- 
vous mechanism of the frog’s heart, 
151. 

, , and J. Priestley on the 

action of pyrophosphoric acid on the 
circulation, 152. 

Lasaulx (Dr. von) on some new minerals, 
and on doubly-refracting garnets, 02. 

Latham (B.) on theimportance of hydro- 
geological surveys from a sanitary 
point of view, 226. 

Laticiferous canals in fruit of Lirnno - 
charis Plumieri , Prof. A. Dickson on, 
144. 

Lavender (R.) on a new form of lamp, 
229. 

Lead, the action of dilute saline solu- 
tions upon, M. M. P. Muir on, 66. 

* desilverizing by the zinc process, 

J. E, Stoddart on, 69. 

Lebour (G. A.) on the changes affecting 


the southern extension of the lowest 
Carboniferous rocks, 93. 

•Lecture-table, the new, for physical 
demonstration in the Royal College 
of Science for Ireland, diagrams and 
description of, by Prof. Barrett, 48. 

Legendre’s scale for calculating the first 
elliptic integral, Prof. F. W. New- 
man on the use of, 28. 

*T.- -in. . Dr. R. Slirnon on the 
[ pp. ! . s : * ii rocks of, 96. 

•Letts (A. C.) on two new hydrocar- 
bons from turpentine, 65. 

Lightning, the protection of buildings 
from, Prof. J. C. Maxwell on, 43, 

Limnocharis Plumieri , Prof. A. Dickson 
on laticiferous canals in, 145. 

^Liverpool, overcrowding in, R. W. 
Pitcher on, 208. 

Lodge (O. J.) on a mechanical illustra- 
tion of electric induction and conduc- 
tion, 42 ; on a mechanical illustration 
of thermoelectric phenomena, 43. 

Long (J.) on an apparatus for cleaning 
! 1 ■ . 232. 

•Lungs, Dr. VV. Stirling on the nervous 
apparatus of the, 163. 

*M‘Cann (Rev. J.) on the origin of in- 
stinct, 166; *on the organization of 
original research, 207. 

Macfadzean (J.) on the parallel roads of 
Glen Roy, 93. 

M^Kendrict (Dr. J. G.), Address bv, to 
the Department of Anatomy and Phy- 
siology, 1 26. 

•Mackerel sky, physical explanation of 
the, by Sir W. Thomson, 54. 

MacLean (TI.) on the Gaelic inhabitants 
of Scotland, 166 ; on the Anglicizing 
and Gaelicizing of surnames, 167. 

*M‘Nab (Prof.) on Choreocholax poly si- 
phonue, Reinsch, 144 ; *on the struc- 
ture of the leaf in different species of 
Abies, 144. 

•Mactear (J.) on soda manufacture, 65. 

•Mac vicar (Dr.) on the possible genesis 
of the chemical elements out of a 
homogeneous cosmic gas or common 
vapour of matter, Oo. 

•Magnetization of iron, the effects of 
stress on the, Sir W. Thomson on, 45. 

•Magneto-electric light, photometric 
measurements of the, by Capt. Abney, 
30. 

•Major third, a practical method of 
tuning a, Sir W. Thomson on, 48. 

•Mansel (R.) on the direct motion of 
steam-vessels, 227. 

Mansion (Prof. P.), elementary demon- 
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stration of a fundamental principle of 
the theory of functions, 20. 
•Many-valued functions, M. M. W. 
Wilkinson on, 80. 

•Marcoarfcu (Don A. de) on Spanish 
mining, 207. 

Mason (§.) on the depreciation of silver 
and a gold standard for India, 207. 
Mathematical and Physical Section, Prof. 

Sir W. Thomson’s Address to the, 1 . 
Matheson (J., jun.) on the silver di- 
lemma, 207. 

Matricaria inodor a , Prof. A. Dickson oil 
two monstrosities of, 148. 

Maxwell (Prof. J. C.) on the protection 
of buildings from i i L r hi mu . 1 8. 
Mechanical Section. ! ' W. \|» irii.*-ld s 
Address to the, 211. 

* theory of the soaring of birds, bv 

W. Froude, 81. 

Medusze, phwology of the nervous 
system of, G. J. Romanes on, 158. 
•Mensuration of certain solids, Prof. J. 

Thomson on a theorem in the, 80. 
•Mental progress of animals during the 
human period, J. Shaw on, 100. 
Merrifield (C. W.), Address hy, to the 
Mechanical Section, 211. 

•Metal surfaces, J. B. Bey non on a hand 
machine for shaping and finishing 
metal surfaces, 210. 

Metallic reflection, Prof. G. G. Stokes 
on a phenomenon of, 41. 

Metric units of force, energy, and power, 
larger than those on the centimetro- 
gram-second system, Prof. J. Thom- 
son on, 82. 

•Microscope adapted for showing the 
circulation in the human subject, Dr. 
U. Pritchard on a, 158. 

Mildew in grey cloth, W, Thomson on 
the growth of, 70. 

Military field-railway, J. B. Fell on ex- 
periments made with a new form of, 
223. 

Millar (W. J.) on the strength and frac- 
ture of cast iron, 227. 

Milne-Home (D.) on the parallel roads 
of Glen Boy, 93 ; on high-level ter- 
races in Carron valley, county of Lin- 
lithgow, 94. 

•Mind, Prof. Barrett on some phenomena 
associated with abnormal conditions 
of, 164. 

Minerals, some new, Dr. von Lasaulx on, 
92. 

•Mirage en mer, Dr. J. Janssen sur le, 
40. 

•Mitchell (W. S.) on the Bagshot peat- 
beds, 94. 


More (A. G.) on the occurrence in Ire- 
land of Nuphar intermedium , Ledeb., 
144; *on Zoster a nana from Carnar- 
vonshire, 144. 

•Morris (Rev. F. O.), a double dilemma 
in Darwinism, 147. 

Muir (M. M. P.) on essential oil of sage, 
65 ; on the action of dilute saline so- 
lutions upon lead, 66; on certain com- 
pounds ol* bismuth, 66. 

(T.) on convergents, 27 ; *on the 

relation between two continued frac- 
tion expansions for series, 28. 

•Murray (J.), notes on oceanic deposits 
and their origin, based on observa- 
tions made on board 1I.M.S. ‘Chal- 
lenger,’ 147 ; on the geological dis- 
tribution of oceanic deposits, 183. 

Names, the prehistoric, for man, mon- 
key, lizard, &c., Hyde Clarke on, 165. 
Napier (C. O. Groom) on the unwhole- 
somene*s of flesh diet in tropical cli- 
mates, 153; on the Phoenicians, 165. 
•Nasmyth (J.) on a spherical pendulous 
safety-! alve, 229. 

•Naval signalling, Sir W. Thomson on, 
283. 

Nerve*, the termination of, in the vesti- 
bule and semicircular canals of Mam- 
mals, Dr. U. Pritchard on, 156. 

New Guinea, Octavius iStone on his 
recent journeys in, 184. 

, N.W., G. E. Cerruti on his recent 

explorations in, 182. 

•Newlands (J. A. R.) on relations 
among the atomic weights of the ele- 
ments, 66 ; *on the alum process in 
"lig.u-refi.’iinj-. 00. 

Newman (Prof. F. W.) on the use of 
Legendre’s scale for calculating the 
first elliptic integral, 28. 

Newton (Prof. A.), Address by, to the 
Department of Botany and Zoology, 

Nichols (Kerry), explorations in the 
islands of the Coral Sea, 167, 183. 
•Nicholson (Prof. A. H.)and Prof. Hark- 
ness on the strata and fossils between 
the Borrowdaile series of the Conis- 
ton flags of the north of England, 90. 
•Niger, A. Bowden on a new route to 
the sources of the, 181. 

•Nitroso derivatives of the terpenes, 
Dr. W. A. Tilden on the, 70, 

Nuphar intermedium , Ledeb., A. G, 
More on the occurrence in Ireland of, 
144 . 

•Nutation of a solid shell containing 
liquid, Sir W. Thomson on the, 35. 
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Objectives, large, H. Grubb on the test- 
ings of, 30. 

Oceanic deposits, J. Murray on the geo- 
logical distribution of, 183. 

* and their origin, notes on, 

based on observations made on board 
H.M.S/Challenger/by J. Murray, 147. 

Old Red Sandstone, E. A. W unsch on the 
junction of granite and, at Corrie and 
Glen Sannox, Arran, 08. 

Optical glass, the defects in, arising from 
a want of homogeneity, H. Grubb on 
a method of pin itogrii piling, 37. 

•Original research, Dr. M’Cann on the 
organization of, 207. 

•Q-. : ■ ■ V ‘ ‘n Liverpool, R. W. 
Ditcher on, 2U8. 

Oxidation of terpenes, the limited, C. 
T. Kingzett on, 04. 

•Oxygen, G. J. Stoney on the atomicity 
of, 60. 

Pandaneae of the Mascarene and Sey- 
chelles Islands, I. 13. Balfour on the, 
142. 

Parallel motion, W. Ilayden on, 10. 

•Parallel roads of Glen Roy, J. Macfad- 
zean on the, 03 

) jj. Milne-Home on the, 03. 

•Passage of fluids through cm ] . illary and 
other tubes, Prof. F. Guthrie and Dr. 
F. Guthrie on the, 31. 

Patent legislation, St. J. V. Day on 
recent attempts at, 198. 

•Paterson (Rev. J.) on a journey across 
Finland, from Ellenborg to Arch- 
angel via Kemi, 183. 

•Paton (Dr.) on the action and sounds 
of the heart, 135. 

•Patterson (T. L. ) on sugar, G7 

Peach (0. W.) on circinnate vernation 
of Sphmopteris off in is from the earliest 
stage to completion, and on the dis- 
covery of Sfaphybiiffn i\, a genus new 
to British rocks, 94, 144. 

Pendulum- vibrations, the* conditions of 
the transformation of, It. II. M. Bo- 
sanquet on, 45. 

Pengelly (W.) on an urn from Chud- 
leigh, Devon, 169. 

•Pentachloride of phosphorus, the action 
of, on turpentine, Prof. Crum Brown 
on, 62. 

•Perak and Salangore, W. D’ Almeida 
on, 182. 

Perkin (W. II.), Addross by, to the 
Chemical Section, 55 ; on some new 
anthracene compounds, 67. 

•Perry (Prof.) ana Prof. Ayrton on the 
contact theory of voltaic action, 42. 


*Phen6 (J. S.) on relics of Totemism in 
Scotland in historic times, 169 ; *on 
the Arthurian apple and the serpent 
of the ancients, 169. 

•Phoenicians, C. O. Groom Napier on 
the, 105. 

•Phosphorite deposits of the south of 
France, J. E. Taylor on the age, 
fauna, and mode of occurrence of the, 
06. 

Phosphorus, the difference in the 
poisonous activity of, in ortho-, meta-, 
and pyro-pliosphoric acids, Prof. Gam- 
gee, John Priestley, and Leopold 
Larmuth on, 151. 

•Photography, solar, with reference to 
the history of the solar surface, l)r. 
J. Janssen on, 40. 

•Photometric measurements of the mag- 
neto-electric light, by Capt. Abney, 
36. 


Physemarien (TTa und Gastro- 

physcma), I .. 1 1. ■ ‘ er die, 153. 

Physical structure of the Highlands, 
the Duke of Argyll on the, in con- 
nexion with their geological h istory, 81. 

•Physiological action of pyro-, meta-, 
and ortho-phosphoric acids, Prof. Gam- 
gee on the, 64. 

* of recent additional 

observations on the, by Prof. Dewar, 
151. 


Physiology, Dr. J. G. M ‘Kendrick’s 
Address to the Department of Ana- 
tomy and, 126. 

Picolme and its derivatives, Dr. W. 
Ramsay on, 67. 

•Pitcher (It. W.) on overcrowding in 
Liverpool, 208. 

•Placenta, Prof. W. Turner on the 
structure of the, in relation to the 
theory of Evolution, 163. 

Plane cubics of the third class with a 
double and a single focus, II. M. Jef- 
fery on, 17. 

Plants of the Coal-measures, Prof. W. 
C. Williamson on some of the physi- 
ological and morphological features 
seen in the, 145. 

Playfair (Col. It. L.) on travels in 
Tunis in the footsteps of Bruce, 183. 

•Pneumatic tramway-car, W. D. Scott- 
Moncreiff on a, 233. 

Polarization, rotation of ih ■ plain 1 of, 
by reflection from a mugiioiic polo, 
Dr. J. Kerr on, 40. 

♦Pollution of rivers, Rev. R. Thomson 
on the prevention of, 70. 

Poor law, the Scottish, A. M*N, Caird 
on some special evils of, 197. 
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Porter (Prof.) on some points of interest 
in the physical conformation and an- 
tiquities of the Jordan valley, 184. 

Portstewart, additional remarks on the 
finding of in historic obiects at, by 
\V. K 1-^ 1C6. 

Pre-carboniferous and metamorphosed 
trap-dykes, and the associated rocks 
of North Mayo, Ireland, W. Traill on 
certain, 97. 

Processional motion of a liquid, Sir W. 
Thomson on the, 33. 

Priestley (J.) on the physiological action 
of vanadium, 155 $ on the physiolo- 
gical action of chromium, 150. 

, Prof. Gamgee, and L. Larmuth 

on the difference in the poisonous ac- 
tivity of phosphorus in ortho-, met a-, 
and pyrophosphoric acids, 151 ; on the 
action of pyrophosphoric acid on the 
circulation, 152. 

Primitive agriculture, A. W. Buckland 
on, 104. 

Pritchard (Dr. U.) on the termination 
of the nerves in the vestibule and 
semicircular canals of Mammals, 150 ; 
•on a microscope adapted for showing 
the circulation in the human subject, 
158. 

•Purser (Prof. J.) on the modification 
of the motion of waves produced by 
fluid friction, 31. 

•Putumayo or I$a, the river, South 
America, A. Simson on, 184. 

Pyrophosphoric acid, the action of, on 
the circulation, Prof. Gamgee, J. 
Priestley, and L. Larmuth on, 152. 

•Pyrotartaric acid, remarks, by W. 
Dittmar, on Reboul’s paper on, 63. 

Radiometer, W. Crookes on the in- 
fluence of the residual gas on the 
movement of the, 30. 

•Railway appliances, R. R. Harper on 
improvements in, 225. 

♦ trains, W. Stxoudley on com- 

munications between passengers and 
guards in, 238. 

Railways on three-foot iraugo in the 
United States, Capt. D. Galton on, 
224. 

Raised beach on the Cumberland coast, 
between Whitehaven and Bowness, 
R. Russell and J. V. Holmes on the, 
95. 

Ramsay (Dr. W.) on picoline and its 
derivatives, 07. 

•Rayleigh (Lord) on the forces ex- 
perienced by a lamina immersed ob- 
liquely in a fluid stream, 31. 


•Reboul’s paper on pyro-tartaric ftcid,W. 
Dittmar on, 63. 

•Red soil of India, Dr. Gilchrist on the, 

00 . 

Residual gas, the influence of the, on the 
movement of the radiometer, W. 
Crookes on, 80. 

•Reuleaux’s treatment of mechanisms, 
Prof. A. B. W. Kennedy on, 226. 

el en moiogie, Dr. J. Janssen sur ies 
usages du, 40. 

•Reynolds (Dr. J. E.) on glucinum, its 
atomic weight and specific heat, 08. 

• (Prof. 0.) on tne resistance en- 

countered by vortex rings, and the 
relation between the vortex ring and 
stream-lines of a disk, 31 ; on the in- 
a e-i *_rn 1 ion of the steering qualities of 
ships, 229. 

•IDu-ln-lumdv.ln. J. Shaw on, 109. 
*Km r-, IJ Thomson on the pre- 
vention of the pollution of, 210. 
Romanes (G. J.), physiology of the 
nervous system of Medusae, 158. 
•Romer (I)r. F.) on the mountain lime- 
stone of the west coast of Sumatra, 
95. 

Ross (Rev. W.) on the odueational value 
of their native language to the Gaelic- 
speahiiur populaiion of Scotland, 208. 
Rowan ^b. J.) on boiler incrustation 
and corrosion, 229. 

Russell (F.) on Sheriff courts and rela- 
tive j udicial statistics, 208. 

(II.) and J. V. Holmes on the 

raised beach on the Cumberland coast, 
between Whitehaven and Bowness, 
95. 

•Sabine’s, Mr., method of measuring 
small intervals of time, W. H. Walenn 
on, 52. 

Safety-apparatus, improved, for mine- 
hoists and warehouse-lifts, T. Dobson 
on, 222. 

* lock for facing-points, M, Evans 

on, 223. 

* valve, a spherical pendulous, J. 

Nasmyth on, 229. 

Sag3, essential oil of, M. M. P. Muir on, 

•Salangore, Perak and, W. B. D’Almeida 
on, 182. 

Saline solutions, dilute, the action of, 
upon lead, M. M. P. Muir on, 66. 
•Samoan Archipelago, Dr. L. Forbes on 
the, 183. 

•Sand-bars, M. Bergeron on the removal 
of, from harbour-mouths, 219. 
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"Sanderson (Prof. Burdon), new re- 
searches on the electrical phenomena 
consequent on irritation of the leaves 
of the fly-trap ( Dioncea tnuscipula), 
108. 

Saving's 1 Banks as a State function deve- 
loped by charity « ■ . Pr. W. 
N. Hancock on, 199. 

"Scientific Museum, a permanent, J. 
Hey wood on the memorial of eminent 
scientific gentlemen in favour of, 191). 

"Scotland, llr. J. Bryce on the earth- 
quake districts of, 88. 

Scottish poor law, A. M‘N. Caird on 
some special evils of the, 197. 

"Scott-Moncreilf (W. 13.) on a pneu- 
matic tramway-car, 233. 

"Serpent of the ancients and the Arthu- 
rian apple, J. S. Phene on, 199. 

"Sewage, W. 0. Sillar on the utilization 
of, 08. 

* purification and utilization, J. 

Banks on, 02. 

Sewell (Rev. E.) on the drifts and 
boulders of the upper part of the 
valley of the Wharte, Yorkshire, 93. 

"Shaw (J.) on right-handedness, 109; 
on the mental progress of animals 
during the human period, 109. 

Sheriff courts and retain 0 judicial sta- 
tistics, F. Russell on, 208. 

"Siemens (Dr. O. W.), description of 
the bathometer, 31. 

"Silica cells, artificial, experiments on 
the formation and growth of, by Prof. 
Cohn, 340. 

Siliceous sponges from the Carboniferous 
limestone near ( ilasgow, J. Young on, 
99. 

"Sillar (W. C.) on the utilization of 
sewage, 08. 

"Silva (It. D.) on the action of hydriodic 
acid on mixed ethers of the general 
formula C*Il 2n+1 -fO. CII 3 , 08. 

Silver, the inconvenience of a rapid de- 
preciation of, in India, I)r. vV. N. 
Hancock on the importance of extend- 
ing the British gold standard to India, 
as a remedy for, 198. 

, the depreciation of, and a gold 

standard for India, S. Mason on, 207. 

dilemma, J. Matheson, jun., on 

the, 207. 

Simons (W.) on an elevating steam ferry, 
233. 

"Simson (A.) notes on the River Putu- 
mayo or I$a, South America, 184. 

"Skull, a hydrocephalic, Prof. Cleland 
on, and on the duplicity of the tem- 
poral ridge, 149. 


"Skull, Sooloo, Prof. Cleland on a, 165. 

* Skulls, Bosies, Dr. Knox on, 166. 

" , two, trom the Andaman Islands, 

Dr. Allen Thomson on, 109. 

Slavery and the slave trade, Rev. A. 
Busacott on the present extent of, 
190. 

"Slimon (Dr. R.) on the upper Silurian 
rocks of Lo^mahairow. 90. 

"Smith (A.) on sodium, 08. 

"Soaring of birds, mechanical theory of 
the, by W. Froude, 81. 

"Soda manufacture, J. Mactear on, 05. 

"Sodium, A. Smith on, 68. 

"Solid water, Prof. Guthrie on, 04. 

"Spanish mining, Don A. de Marcoartu 
on, 207. 

Sphenopteris affi/iis, C. W. Peach on cir- 
cinnate vernation of, from the earliest 
stage to completion, 94, 144. 

Spherical class-cubics with double foci 
and double cyclic arcs, H. M. Jeffery 
on, 19. 

"Spottiswoode’s pocket polarizing appa- 
ratus, a description of, by W. Ladd, 41 . 

"Sprongel pump, C. II. Gimingham on 
a modification of the, 49. 

"Spring fenders, M. Evans on the appli- 
cation of, to pier-heads, 223. 

"Standards of measure and weight, new, 
Prof. Ilennessy on, 49. 

Stanford (E. C. C.) on the manufacture 
of iodine, 08. 

Staphyloptcris , a genus new to British 
rocks, C. \Y. Peach on the discovery 

^ of, 94, 144. 

Steam ferry, an elevating, W. Simons 
on, 233. 

" ship resistance, J. E. Williams 

on, 233. 

" vessels, R. Mansel on the direct 

motion of, 227. 

"Steel (J.) on the brake problem, 233. 

*Steel plates for boiler purposes, A. B, 
Brown on a flanging-iron and, 219. 

Steering qualities or ships, Prof. O. 
Reynolds on the investigation of the, 
229. 

"Stephenson (Mr.) on the civilization of 
South-eastern Africa, 208. 

"Stirling (Dr. N.) on the nervous ap- 
paratus of the lungs, 103. 

Stobcross Docks, description of, by J. 
Deas, 220. 

"Stoddart (J. E.) on lead desilverizing 
by the zinc process, 09. 

Stokes (Prof. G. G.) on a phenomenon 
of metallic reflection, 41. 

Stone (Octavius) on his recent journeys 
in New Guinea, 184. 
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•Stoney (G. J.) on the amplitude of 
waves of light and heat, 31 ; # on 
acoustic analogues to motions in the 
molecules of gases, 31 ; # on the 
atomicity of oxygen and on the con- 
stitution of basic salts, 69. 

Strath-Errick, Lough Ness, Dr. J. Bryce 
on the granite of, 87. 

•Stroudley (W.) on communications 
between pa^crurcrs and guards in 
railway trains, 233. 

•Struthers (Prof.), an account of finger- 
muscles found inthefJr-‘« nhii'il rijrhf 
whale, 163 ; # an account of dissec- 
tions of the supposed rudimentary 
hind limb of the Greenland right 
whale, 163. 

•Subaqueous rocks, Major Beaumont 
on the removal of, by the diamond 
rock-borer, 219. 

•Sub-Wealden exploration, Major Beau- 
mont on the, 87. 

• , H. Willett on the, 97. 

•Sugar, T. L. Patterson on, 67. 

• refining, J. A. It. Newlands on 

the alum process in, 66. 

*Sun, the eclipse of the, observed at 
Siam in April 1875, Dr. J. Janssen 
on, 40. 

•Surface-water of the ocean, on the 
specific gravity of the, as observed 
during the cruise of H.M.S. ‘Challen- 
ger/ by J. Y. Buchanan, 181. 

Surnames, the Anglicizing and Gaelici- 
zing of, H. MacLean on, 167. 

•Swan (D.) on zinc, 69. 

•Symons (G. J.) on a new form of 
thermometer for observing earth tem- 
perature, 49 ; on an unmistakable 
true north compass, 49. 

Systdmes de points materiels, V. Cerruti 

"sur les mouvements ap6riodiques des, 

12 . 

de spheres et les systemes de 

droites, Prof. L. Cremona sur les, 12. 

Tait (Prof. P. G.), general theorems 
relating to closed curves, 29. 

(P. M.) on the theory and practice 

of accident insurance by sea and land, 

208 . 

*Taylor (J. E.) on the age, fauna, and 
mode of occurrence of the phosphorite 
deposits of the South of France, 96. 

Telescopes, equatorial, Ii. Grubb on 
recent improvements in, 37. 

Temperature, the decrease of, with 
height on the earth’s surface, Prof. 
Hennessy on, 39. 

, the distribution of, over the 


British Islands, Prof. Hennessy on, 
39, 

Terpenes, C. T. Kingzett on the limited 
oxidation of, 64. 

* , Dr. W. A. Tilden on the nitroso 

derivatives of the, 70. 

•Tertiary basalt-rock dykes in Scotland, 
R. L. Jack on, 92. 

Testings of large objectives, II. Grubb, 
on the, 36. 

Theory of functions, elementary demon- 
stration of a fundamental principle of 
the, by Prof. P. Mansion, 26. 

Thermoelectric phenomena, 0. J. Lodge 
on a mechanical illustration of, 43. 

•Thermometer, a new deep-sea, J. Y. 
Buchanan on, 81. 

* for observing earth temperature, 

a new form of, G. J. Svmons on, 
49. 

Theta function as a definite integral, J. 
W. L. Glaisher on a series summa- 
tion leading to an expression for the, 
15. 

•Thomson (Dr. Allen) on two skulls 
from the Andaman Islands, 169. 

* (Prof. J.) on a theorem in the 

mensuration of certain solids, 30 ; ex- 
perimental illustration of the origin of 
windings of rivers in alluvial plains, 
31 ; on metric units of force, energy, 
and power, larger than those on the 
centimetre-gram -second system, 32 ; 
*on ridgy structure in coal, with sug- 
gestions for nec . i' i ■ i r f -r its origin, 
96; •further i 1 1 ■ ■ -l i \, • ■- f the jointed 
prismatic structure in basalts and other 
igneous rocks, 96. 

* (Bov. K.) on the prevention of 

the pollution of rivers, 70, 210. 

(Prof. Sir W.), Address by, to the 

Mathematical and Physical Section, 1 ; 
on the precessional motion of a liquid, 
33 ; *secular illustration of the laws 
of the diffusion of liquids, 35; *on a 
new case of instability of steady 
motion, 35 ; *on the nutation of a 
solid shell containing liquid, 85 ; *on 
compass correction in iron ships, 45 ; 
•effects of stress on the niinriieli/Miii.n 
of iron, 45; *on contact i i.vtricity, 
45 ; *on a practical method of tuning 
a major third, 48 ; on a new form of 
astronomical clock with free pendulum 
and independently governed uniform 
motion for escapement-wheel, 49; 
•physical explanation of the mackerel 
sky, 54; *on navigational deep-sea 
soundings in a ship moving at high 
speed, 54 ; *on naval ‘■ignalling, 233. 
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Thomson (W.) on the growth of mildew 
in grey cloth, 70. 

Tidal operations in the Gulf of Cutch, 
Capt. A. W. Baird on, 52. 

retardation argument for the age 

of the earth, J. Croll on the, 88. 

*Tilden (Dr. W. A.) on the nitroso 
derivatives of the terpenes, 70 ; *pre- 
liminary note on a new iso-purpurine, 


♦Time, S. Fleming on the conventional 
division of, now in use, and on the 
desirability of adopting common time 
over the globe for railways and steam- 
ships, 182. 

Tizard (Staff Commander) on the tem- 
perature obtained in the Atlantic 
Ocean during the cruise of II.M.S. 

‘ Challenger, 185. 

Tortoises, gigantic land, and a freshwater 
species from the Maltese caverns, 
with observations on their fossil fauna, 
by Prof. A. Leith Adams, 145. 

•Totemism in Scotland in historic times, 
relics of, J. S. Pliend on, ICO. 

Traill (W. A.) on certain prc-carboni- 
ferous and metamorphosea trap-dykes, 
and the associated rocks ot North 
Mayo, Ireland, 07. 

* Tramway car, a pneumatic, W. D. 
Scott-Moncreiff on, 233. 

•' Transformation of gravity, J. Croll on 
the, 50. 

of pendulum- vibrations, It. II. M. 

Bosanquet on the conditions of the, 
45. 


True intonation, illustrated by the voice- , 
harmonium with natural finger-board, | 
40. I 

Tullack (W.) on the hoarding-out of J 
pauper children in England, 200. 

Tunis, travels in, in the footsteps of I 
Bruce, Colonel It. L. Playfair on, I 
183. j 


Turner (Rev. F. S.) on the statistics of j 
the Indian opium revenue, 210. j 

* (Prof. W.) on the structure of j 

the placenta in relation to the theory j 
of evolution, 1G3. 

"•Turpentine, the action of pentachloride j 
of phosphorus on, Trof. Crum Brown | 
on, 62. | 


* Upper Silurian rocks of Lesmahagow, 

l)r. R. Slimon on the, 96. 

Urn from iuli. Devon, W. Pen- 

gelly on an, 109. 

* Vacuum-tap, C. II. Gimingham on a 

new form of, 49. 
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Valorous ’ expedition, the arenaceous 
Foraminifera collected in the, Dr. 
W. B. Carpenter on, 140. 

Valuation ot property in Ireland, II. 
J ephson on the, 200. 

Vanadium, J. Priestley on the physio- 
logical action of, 155. 

, L. Larmuth on the poisonous 

activity of, in ortho-, rneta-, and pyro- 
vanadic acids, 155. 

Variation in thickness of the middle 
Coal-measures of the Wigan coal -held, 
C. E. I)e Ranee on the, 89. 

*Vdnus, pi* i'.i '• aplii- ~ du passage de, 
a Kobd, by Dr. J. Janssen, 40. 

* Voltaic action, Profs. Ayrton and Perry 
on the contact theory of, 42. 

* battery, a new, 11. W. Biggs on, 

02 . 

•Vertex rings, the resistance encoun- 
teied by, and the relation between 
the vortex ring and stream-lines of a 
disk, Prof. 0. Reynolds on, 31. 

Walenn (W. II.) on division-remainders 
in arithmetic, 30 ; *on Mr. Sabine’s 
method of measuring small intervals 
of time, 52. 

Wallace (A. R.), Address by, to tlie 
Biological Section, 100. 

•Wnnklyn (J. A.) on the effects of the 
mineral substances in drinking-water 
on the health of the community, 103. 

•Ward (E.) on the prevention of frau- 
dulent alterations in cheques, &c., 70. 

•Water, drinking-, Prof.Wanklyn on the 
effects of mineral substances in, on 
the health of the community, 103. 

•Waves, the modification of the motion 
of, produced by fluid friction, Prof. J. 
Purser on, 31. 

* of light and heat, G. J. Stoney 

on the amplitude of, 31. 

•Weldon (W.) on the means of sup- 
pressing alkali waste, 70. 

*Vi hale, the Greenland right, an account 
of dissections of the supposed rudi- 
mentary hind limb of, bv Prof. S tru- 
th ers, 103. 

* f , an account of finger- 

muscles found in, by Prof. Strutliers, 
103. 

Wharfe, the valley of the, Yorkshire, 
Rev. E. Sewell on the drifts and 
boulders of tlie upper part of the, 95. 

•White-lead, J. Fergusson on, 63. 

•White Nile between Gondokoro and 
Appuddo, observations on the, by 
Lieut. W. H. Clrippendall, 182. 

Wigan coal-field, C. E. De Ranee on 
22 
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the variation in thickness of the mid- 
dle Coal-measures of the, 89. 

*Wilkinson (M. M. U.) on many-valued 
functions, 30. 

* Willett (W. II.) on the Sub-Wealden j 
exploration, 97. 

•Williams (J. E.) on steam-ship resist- 
ance, 233. 

Williamson (Prof. W. C.), recent re- 
searches into the organization of some 
of the plants of the Coal-measures, 98; 
on some of the physiological and mor- 
phological features seen in the plants 
of the Coal-measures, 145. 

Windings of rivers in alluvial plains, 
experimental illustration of the origin 
of, by Prof. J. Thomson, 31. 

•Woman, the oldest in Scotland, Gene- j 
ral Sir J. Alexander on, 104. 


•Wright (Dr. C. II. A.) on new cotar- 
nine derivatives, 70 ; on the alkaloids 
of the aconites, 71. 

Wunscli (E. A.) on the junction of 
granite and old red sandstone at Come 
and Glen Sannox, Arran, 98. 

Young (Prof. J.), Address by, to the 
Geological Section, 72; on the new 
cates in the Hunterian Museum, 147. 

(J.) on siliceous sponges from the 

Carboniferous limestone near Glasgow, 
99. 

•Zinc, D. Swan on, 09. 

Zoology, Prof. A. Newton’s Address to 
the Department of Botany and, 119. 

* Zoster a nana from Carnarvonshire, A. 
G. More on, 144. 


PRINTED BY TAYIOB AND Fit AN C 1 8, 
REI> I ION COURT, FLEET STREET. 



BRITISH ASSOCIATION FOR THE ADVANCEMENT 


OF SCIENCE. 


Lifo Members (since 1845), and all Annual Members who have not 
intermitted their Subscription, receive gratis all Beports published after 
the date of their Membership. Any other volume they require may be 
obtained on application at the Office of the Association, 22 Albemarle 
Street, Piccadilly, London, W., at the following prices, viz. — Beports for 
1849-76, at two-thirds of the Publication Price; and, for the purpose of 
completing their sets, any of the first seventeen volumes {of which more 
than 100 copies remain) at one third of the Publication Price. 

Associates for the Meeting in 1876 may obtain the Volume for the Year at two thirds of 
the Publication Price. 


PROCEEDINGS of the FIRST and SECOND MEETINGS, at York 
and Oxford, 1831 and 1832, Published at 135. 6d. 

Contents : — Prof. Airy, on the Progress of A:»t»onomy ; — J. W. Lubbock, on the Tides; 
— Prof. Forbes, on the Present State of Meteorology , — Prof. Poweil, on the Present State 
of the Science of Radiant Heat; — Prof. Gumming, on Thermo-Electricity; — Sir D. Brewster, 
on the Progress of Optics; — Rev. W. Whew r ell, on the Present State oi Mineralogy; — Rev. 
W. D. Conybeare, on the Recent Progiess and Present State of Geology; — Dr. Prichard's 
Review of Philological and Physical Researches. 

Together with Papers on Mathematics, Optics, Acoustics, Magnetism, Electricity, Chemistry, 
Meteoiology, Geography, Geology, Zoology, Anatomy, Physiology, Botany, and the Arts; 
and an Exposition of the Objects and Plan of the Association, &c. 

PROCEEDINGS of the THIRD MEETING, at Cambridge, 1833, 
Published at 12s. (Out of Print.) 

Contents: — Proceedings of the Meeting -John Taylor, on Mineral Veins ;— Dr. 
Lindley, on the Philosophy of Botany ; — Dr. Henry, on the Physiology of the Nervous Sys- 
tem ; — P. Barlow, on the Strength of Materials; — S. H. Chvistie, on the Magnetism of the 
Earth; — Rev. J. Challis, on the Analytical Theory of Hydrostatics and Hydrodynamics; — 
G. Rennie, on Hydraulics as a Branch of Engineering, Part I. ; — Rev. G. Peacock, on certain 
Branches of Analysis. 

Together with papers on Mathematics and Physics, Philosophical Instruments and Mecha* 
nical Arts, Natural History, Anatomy, Physiology, and History of Science. 

PBOCEEDINGS of the FOTJBTH MEETING, at Edinburgh, 1884, 
Published at 1 5s, 

Contents: — H. G. Rogers, on the Geology of North America; — Dr. C. Henry, on the 
Laws of Contagjon ; — Prof. Clark, on Animal Physiology; — Rev. L. Jenyns, on Zoology; — 

1876. * 



11 


Rev. J. Cballis, on Capillary Attraction; — Prof. Lloyd, on Physical Optics;— G. Rennie, on 
Hydraulics, Part II. 

Together with the Transactions of the Sections, and Recommendations of the Association 
and its Committees. 

PROCEEDINGS of the FIFTH MEETING, at Dublin, 1835, Pub- 
lished at 1 3 s. 6d. 

Contents: — Rev. W. Whewell, on the Recent Progress and Present Condition of the 
Mathematical Theories of Electricity, Magnetism, and Heat; — A. Quetelet, Aper^u de 
i’Etat actnel des Sciences Mathematiques chez les Beiges ; — Capt. E. Sabine, on the Phe- 
nomena of Terrestrial Magnetism. 

Together with the Transactions of the Sections, Prof. Sir W. Hamilton’s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SIXTH MEETING, at Bristol, 1836, Pub- 
lished at 1 2s. 

Contents: — Prof. Daubeny, on the Present State of our Knowledge with respect to Mine- 
ral and Thermal Waters ; — Major E. Sabine, on the Direction and Intensity of the Terrestrial 
Magnetic Force in Scotland ; — J. Richardson, on North American Zoology; — Rev. J. Challis, 
on the Mathematical Theory of Fluids ; — J. T. Mackay, a Comparative View of the more 
remarkable Plants which characterize the neighbouthood of Dublin and Edinburgh, and the 
South-west of Scotland, &c ; — J. T. Mackay, Comparative Geographical Notices of the 
more remarkable Plants which characterize Scotland and Ireland ; — Report of the London Sub- 
Committee of the Medical Section on the Motions and Sounds of the Heart; — Second Report 
of the Dublin Sub-Committee on the Motions and Sounds of the Heart ; — Report of the Dublin 
Committee on the Pathology of the Brain and Nervous System; — J. W. Lubbock, Account 
of the Recent Dis< ussions of Observations of the Tides; — Rev. B. Powell, on determining the 
Refractive Indices for the Standard Rays of the Solar Spectrum in vaiious media, — Dr. Hodgkin, 
on the Communication between the Arteries and Absorbents;— Prof. Phillips, llepoi t of Experi- 
ments on Subterranean Temperature; — Prof. Hamilton, on the Validity of a Method recently 
proposed by G. B. Jeirard, for Transforming and Resolving Equations of Elevated Degrees. 

Together with the Transactions of the Sections, Prof. Daubeny's Address, itfid Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the SEVENTH MEETING, at Liverpool, 1837, 
Published at 16s. 6d. 

Contents : — Major E. Sabine, on the Variations of the Magnetic Intensity oDserved at dif- 
ferent points of the Earth’s Surface ; — Rev. W. Taylor, on the various inodes of Printing for 
the Use of the Blind; — J. W. Lubbock, on the Discussions of Observations of the Tides; — 
Prof. T. Thomson, on the Difference between the Composition of Cast Iron produced by the 
Cold and Hot Blast ; — Rev. T. R. Robinson, on the Determination of the Constant of Nutation 
by the Greenwich Observations; — It. W. Fox, Experiments on the Electricity of Metallic 
Veins, and the Temperatuie of Mines, — Provisional Report of the Committee of the Medical 
Section of the British Association, appointed to investigate the Composition of Secretions, and 
the Organs producing them ; — Dr. G. O. Rees, Report from the Committee for inquiring into 
the Analysis of the Glands, &c. of the Human Body; — Second Report of the London Sub-Com- 
mittee of the British As'.ociation Medical Section, on the Motions and Sounds of the Heart;— 
Prof. Johnston, on the Present State of our Knowledge in regard to Dimorphous Bodies; — 
Lt.-Col. Sykes, on the Statistics of the Four Collectorates of Dukhun, under the British Go- 
vernment; — E.Hodgkinson, on the relative Strength and other Mechanical Properties of Iron 
obtained from the Hot and Cold Blast; — W. Fairbairn, on the Stiength and other Properties 
of Iron obtained from the Hot and Cold Blast ; — Sir J. Robison and J. S. Russell, Report of 
the Committee on Waves;— Note by Major Sabine, being an Appendix to his Report on the 
Variations of the Magnetic Intensity observed at different Points of the Earth’s Surface; — 
J. Yates, on the Growth of Plants under Glass, and without any free communication with the 
outward Air, on the Plan of Mr. N. J. Ward, of London. 

Together with the Transactions of the Sections, Prof. Traill's Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the EIGHTH MEETING, at Newcastle, 1838, 
Published at 1 5s. 

Contents Rev. W. Mhewell, Account of a Level Line, measured from the Bristol Chan- 
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net ro the English Channel, by Mr. Bunt; — Report on the Discussions of Tides, prepared 
under the direction of the Rev. W. Whewell; — W. S. Harris, Account of the Progress and 
State of the Meteorological Observations at Plymouth; — Major E. Sabine, on the Magnetic 
Isoclinal and iSodynamic Lines in the Biitish Islands; — D. Lardner, LL.D.,on the Determi- 
nation of the Mean Nutnencal Values of Railway Constants; — R. Mallet, First Report upon 
Experiments upon the Action of Sea and River Water upon Cast and Wrought Iron; — R. 
Mallet, on the Action of a Heat of 212° Fahi., when long continued, on lnoiganic and Organic 
Substances. 

Together with the Transactions of the Sections, Mr. Murchison’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the NINTH MEETING, at nim.iuol.am, 1839, 
Published at 1 3s. 6d, (Out of Print.) 

Contents; — Rev. B. Powell, Repoit on the Present State of our Knowledge of Refractive 
Indices, for the Standard Rays of the Solar Spectrum in different media; — Repoit on the Ap- 
plication of the Sum assigned for Tide Calculations to Rev. W. Whewell, in a Letter fiom T. G, 
Bunt, Esq.; — II. L. Pattmson, on some Galvanic Experiments to determine the Existence or 
Non-Existence of Electrical Ciments among Stiatificd Rocks, particulaily those of the Moun- 
tain Limestone foimation, constituting the Lead Measures of Alton Mooi ; — Sir I). B.ew r ster, 
Reports respecting the two senes of Houily Meteoiologual Observations kept in Scotland; — 
Repoit on the subject of a series of Resolutions adopted by the British Association at their 
Meeting in August 1838, at Newcastle, — R. Owen, Repoit on British Fossil Reptiles; — E. 
Foibes, Report on the Distubution of Pulmoniferous Mollusca in the Biitish Isles; — W. S. 
Hariis, Third Report on the Piogicss of the Houily Meteorological Register at Plymouth 
Dockyai d. 

Together with the Tiansactions of the Sections, Rev. W. Vernon llarcourt’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the TENTH MEETING, at Glasgow, 1840, 
Published at 1 5s. (Out of Print.) 

Contents : — Rev. B. Powell, Report on the recent Progress of discoveiy relative to Radiant 
Heat, supplemental y to a foimei Repoit on the same subject inseited in the fust volume of the 
liepoits of the British Association tor the Advancement of Science; — J. D. Forbes, Supple- 
mentary Repoit on Meteoiology ; — W. S. Hairis, Repoit on Pi of. Whew ell’s Anemometer, 
now in opeiation at Plymouth ; — Repoit on “'l he Motion and Sounds of the Heart,” by the 
London Committee o( the British Association, for 1839-40 ; — Pi of. Sthonbein, an Account of 
Researches in Electio-Chennstry ; — li. Mallet, Second Repoit upon the Action of Air and 
Water, whethei fiesh or salt, clear or foul, and at various temperatm es, upon Cast Iron, 
Wionght Iron and Steel ; — R. W. Fox, Repoit on some Observations on Subterranean Tem- 
pcratuie ; — A. F. 0>ler, Report on the Obsei vations lecorded during the years 1 837, 1 838, 1839, 
and 1810, by the Self-iegisteimg Anemometer elected at the Philosophical Institution, Bir- 
mingham ; — Sir D. Brewster, Report respecting the two Seiies of Homly Meteorological Ob- 
servations kept at Inverness and Kingu-vsie, fiom Nov. 1st, 1838 to Nov. 1st, 1839, — W. 
Thompson, Repoit on the Fauna of Iieland : Div. Ferfebi afa — C. J. B. Williams, M.D., 
Report of Expei iments on the Physiology of the Lungs and Air-Tubes ; — Rev. J. S. Henslow, 
Report of the Committee on the Pieseivation of Animal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E. Sabine’s 
Addicss, and Recommendations of the Association and its Committees. 


PROCEEDINGS of the ELEVENTH MEETING, at Plymouth, 
1841, Published at 13$. 6d . 

Contents: — Rev. P. Kelland, on the Present state of our Theoretical and Experimental 
Knowledge of the Laws of Conduction of Heat ; — G. L. Roupell, M.D., Report on Poisons ; — 
T. G. Bunt. Report on Discussions of Bristol Tides, under the direction of the Rev. W. Whewell; 
— D. Ross, Repoit on the Discussions of Leith Tide Observations, under the direction of the 
Rev. W. Whewell; — W. S. Harris, upon the woiking of Whewell’s Anemometer at Plymouth 
duiing the past year; — Report of a Committee appointed for the purpose of superintend- 
ing the scientific cooperation of the British Association m the System of Simultaneous Obser- 
vations in Terrestrial Magnetism and Meteorology ; — Reports of Committees appointed to pro- 
vide Meteorological Instruments foi the use of AL Agassiz and Mr. M‘Cord ; — Report of a Com- 



mittee to superintend the reduction of Meteorological Observations ;— Report of a Com* 
mittee for revising the Nomenclature of the Stars; — Report of a Committee for obtaining In- 
struments and Registers to record Shocks and Earthquakes in Scotland and Ireland ; — Report of 
a Committee on the Preservation of Vegetative Powers in Seeds ; — Dr. Hodgkin, on Inquiries 
into the Races of Man ; — Report of the Committee appointed to report how far the Desiderata 
in our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons, or otherwise, to ascertain the probable expense of such Experi- 
ments, and to diaw up Directions for Observers in such circumstances ; — R. Owen, Report 
on British Fossil Reptiles ; — Reports on the Determination of the Mean Value of Railway 
Constants ; — D. Lardner, LL.D., Second and concluding Report on the Determination of the 
Mean Value of Railway Constants; — E. Woods, Report on Railway Constants; — Report of a 
Committee on the Construction of a Constant Indicator for Steam Engines. 

Together with the Transactions of the Sections, Prof. WhewelFs Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the TWELFTH MEETING, at Manchester, 
1 S 12, Published at 10s. 6d. 

Contents : — Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnetical and Meteorological Observations, — 
J. Richardson, M.D., Report on the present State of the Ichthyology of New Zealand; — 
W. S. Harris, Report on the Progress of Meteorological Obsei vations at Plymouth; — Second 
Uepoit of a Committee appointed to make Experiments on the Growth and Vitality of Seeds ; 
— C. Vignoles, Report of the Committee on Railway Sections; — Report of the Committee 
foi the Preservation of Animal and Vegetable Substances ; — Lyon Playfair, M.D., Abstract 
of Prof. Liebig’s Repoit on Organic Chemist! y applied to Physiology and Pathology; — 
R. Owen, Report on the British Fossil Mammalia, Part I.; — R. Hunt, Reseat ches on the 
Influence of Light on the Geimination of Seeds and the Giovvth of Plants , — L. Agassiz, Report 
on the Fossil Fishes of the Devonim System or Old Red Sandstone ; — W. Fan bairn, Ap- 
pendix to a Report on the Stiength and other Properties of Cast lion obtained from the Hot 
and Cold Blast ; — D. Milne, Report of the Committee for Registeiing Shocks of Earthquakes 
in Gieat Iiiitain , — Report of a Committee on the construction of a Constant Indicator for 
Steam-Engines, and for the deteunination of the Velocity of the Piston ol the Self-acting En- 
gine at different peiiods of the Stioke ; — J. S. Russell, Report of a Committee on the Form of 
Ships ; — Report of a Committee appointed “to consider of the Rules by which the Nomencla- 
ture of Zoology may be established on a uniform and peimanent basis;” — Report of a Com- 
mittee on the Vital Statistics of large Towns in Scotland; — Provisional Reports, and Notices 
of Piogiess in special Reseaiches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Lord Fiancis Egei ton's Address, and Re- 
commendations ol the Association and its Committees. 

PROCEEDINGS of the THIRTEENTH MEETING, at Cork, 
1813, Published at l c 2s. 

Contents: — Robert Mallet, Third Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron, Wi ought lion, and 
Steel; — Report of the Committee appointed to conduct the Coopeiation of the British As- 
sociation m the System of Simultaneous Magnetical and Meteorological Observations; — Sir 
J. F. W. Herschel, Bait., Repoit of the Committee appointed for the Reduction of Meteoro- 
logical Obser\ations ; — Report of the Committee appointed for Experiments on Steam- 
Engines; — Report of the Committee appointed to continue their Experiments on the Vitality 
of Seed* ; — J. S. llussell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the East Coast of Scotland; — J. S. Russell, Notice of a Repoit of the Committee 
on the Form of Ships; — J. Blake, Report on the Physiological Action of Medicines; — Report 
of the Committee on Zoological Nomenclature; — Report of the Committee for Registeting 
the Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ; — Report of the Committee for conducting Expeiiments with Captive Balloons; 
— Prof. Wheatstone, Appendix to the Report ; — Report of the Committee for the Translation 
and Publication of Foreign Scientific Memoirs ; — C. W. Peach, on the Habits of the Marine 
Testatea ; — E. Forbes, Report on the Mollusca and Radiata of the iEgean Sea, and on their 
distribution, considered as bearing on Geology; — L. Agassiz, Synoptical Table of Biitish 
Fossil Fishes, arranged in the order of the Geological Formations; — R. Owen, Report on the 
British Fossil Mammalia, Pait II.; — E. W. Binney, Report on the excavation made at the 
junction of the Lower New Red Sandstone with the Cual Measures at Collyhurst; — YV. 
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Thompson, Report on the Fauna of Ireland: Div. Invertebrata ; — Provisional Reports, and 
Notices of Progress in Special Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Earl of Rosse’s Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, 1844, 
Published at £ 1. 

Contents: — W. B Carpenter, on the Microscopic Structuie of Shells ; — J. Alder and A. 
Hancock, Report on the British Nudibianchiate Mollusca; — R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants; — Ilepoit of a 
Committee appointed by the British Association in 1 840, for revising the Notrcnclatuie of the 
Stais; — Lt.-Col. Sabine, on the Meteorology of Toronto in Canada , — J. Blackball, Repoit 
on some lecent reseaiches into the Stiuctuie, Functions, and Economy of the Araveidea 
made in Gieat Britain ; — Earl of llosse, on the Const! uclion of large Reflecting Telescopes ; 
— Iicv. W. V. Ilarcouit, Report on a Gas-furnace for Expeiiments on Vitnfaction and other 
Applications of High Heat in the Laboratory ; — Report of tlie Committee foi Registering 
Earthquake Shocks in Scotland; — Repoit of a Committee for Expeiiments on Steam-Engines; 
— Report of the Committee to investigate the Varieties of the Human Rate ; — Fourth Repoit 
of a Committee appointed to continue their Expeiiments on the Vitality of Seeds, — W. Fair- 
bairn, on the Consumption of Fuel and the Prevention of Smoke; — F Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ; — Sixth Repoit of the Committee 
appointed to conduct the Cooperation of the Biitisli Association in the System of Simulta- 
neous Magnetical and Meteorological Observations, — Prof. Foichhammer on the influence 
of Fucoidal Plants upon the Formations oi the Eaith, on Mctamoiphism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate, — 11. E. Strickland, Repoit on 
the lecent Progiess and Piesent Slate of Ornithology, — T. Oldham, Report of Committee 
appointed to conduct Ob.xei vutions on Suhterianean Tempeiature in lie’and , — Piof. Owen, 
Report on the Extinct Mammals of Au.sttulia, with descriptions of ccitain Fossils indicative 
of the former existence m that continent of large Maisupial Representalivcs of the Older 
Parity dermata ; — W, S. Hams, Repoit on the woking of VS hew ell and Oslei’s Alien ometeis 
at Plymouth, for the yeais 1841, 1842, 1843 ; — W. R. Birt, Report on Atmospheric Waves; 
— L. Agassiz, Rappoit sur les Poissons Fossiles de PAigile de Lundies with tianslalion, — J* 
S. Russell, Report on Waves, — Piovisional llepoits, and Notices of Pugiessin Special Re- 
searches entrusted to Committees and Individuals. 

Togetbei with the Tiansactions of the Sections, Dean of Ely’s Add) ess, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the FIFTEENTH MELTING, at Cambridge, 

1845, Published at 12s. 

Contents: — Seventh Repoit of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetnal and Meteorological Observa- 
tions; — Lf.-Col. Sabine, on some points in the Metec rolopy of Bctnbay ; — J, Blake, Repoit 
on the Physiological Actions of Medicines , — Di. Von Boguslawski, on the Conet of 1843; 
— R. Hunt, Report on the Actinogiaph ; — Prof. Sthdubein, on Ozone; — Piof. Einian, on 
tire Influence of Friction upon Thei mo- Electricity ; — Baion Senttenbeig, on the Seif- 
Registcrmg Meteorological Instruments employed m the Observatory at Senftenbeig; — 
VV. U. Birt, Second Report on Atinosphenc Waves; — G. R. Poiter, on the Progiess and Pie- 
seut Extent of Savings’ Banks in the United Kingdom; — Prof. Bunsen and Di. Playfair, 
Report on the Gases evolved from Iron Furnaces, with reference to the Theory of .Smelting 
of iron , — Dr. Richardson, Repoit on the Ichthyology of the Seas of China and Japan; — 
Report of the Committee on the Registration of Peiiodical Phenomena of Animals and Vege- 
tables ; — Filth Report of the Committee on the Vitality ol Seeds ; — Appendix, &c. 

Together with the Transactions of the Sections, Sir J. F. W. Herscliel’s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of qiie SIXTEENTH MEETING, at Southampton, 

1846, Published at 1 5s. 

Contents* — G. G. Stokes, Report on Recent Researches in Hydrodynamics; — Sixth 
Report of the Committee on the Vitality of Seeds ; — Dr. Schunck, on the Colouring Matters of 
Madder, — J. Blake, on the Physiological Action of Medicines; — K. Hunt, Report on the Ac- 
tiuograph ; — R. Hunt, Notices on the Influence of Light on the Giowth of Plants;— It. L. 
Ellis, on the Recent Progress of Analysis; — Piof. Foichhammer, on Comparative Analytical 
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Researches on Sea Water ; — A. Erman, on the Calculation of the Gaussian Constants fof 
1829; — G. R. Porter, on the Progress, present Amount, and probable future Condition of the 
Iron Manufacture in Great Britain ; — W. R. Birt, Third Report on Atmospheric Waves;— 
Prof. Owen, Report on the Archetype and Homologies of the Vertebiate Skeleton;— 
J. Phillips, on Anemometiy; — J. Percy, M.D., Report on the Crystalline Flags, — Addenda 
to Mr. Bin's Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison's Address, and Re- 
commendations of the Association ana its Committees. 

PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford, 

1 847, Published at 1 8s. 

Contents: — Prof. Langberg, on the Specific Gravity of Sulphuric Acid at difhuent de- 
grees of dilution, and on the relation which exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water; — h. Hunt, 
Researches on the Influence of the Solar Rays on the Growth of Plants , — R. Mallet, on 
the Facts of Eaithquake Phenomena; — Prof. Nilsson, on the Piimitive Inhabitants of Scan- 
dinavia; — W. Hopkins, Report on the Geological Theories of Elevation and Earthquakes ; 
—I)r. W. B. Carpenter, Report on the Microscopic Structure of Shells; — Rev. W. Whewell and 
Sir James C. Ross, Report upon the Recommendation of an Expedition foi the puipose of 
completing our knowledge of the Tides; — Dr. Schunck, on Colouring Mattel s ;■ — Seventh Re- 
port of the Committee on the Vitality of Seeds; — J. Glynn, on the Tuibine or Horizontal 
Water-Wheel of Fiance and Germany; — Dr. R. G. Latham, on the present state and recent 
pi ogress of Ethnographical Philology ; — Dr. J. C Piiehaid,on the vanotis methods of Heseaich 
which contribute to the Advancement of Ethnology, and of the relations of that Science to 
other branches of Knowledge; — Dr. C. C, J. Bunsen on the results of the recent Egyptian 
tesearches in reference to Asiatic and Afncan Ethnology, and the Classification of Languages ; 
— Di. C. Meyer, on the lmpoitance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant, — Di. Max Muller, on the Relation of the Bengali to the 
Arian and Aboiigmal Languages of India, — W. ii. Birt, Fouith Repmt on Atmospheric 
Waves; — Prof. W. H. Dove, Temperature Tables, with Intioductory Remaiks by Lieut. -Col. 
E. Sabine ; — A. Eiman and II. Petersen, Thud Repot t on the Calculation of the Gaussian Con- 
stants for 1829. 

Together with the Transactions of the Sections, Sir Robert Hairy Inglis's Addiess, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea, 

1 818, Published, at 9s. 

Contents: — Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors;— 
J, Glynn on Water-pressui e Engines ; — R. A. Smith, on the An and Water of Towns ; — Eighth 
Report of Committee on the Growth and Vitality of Seeds ; — W. R. But, Fifth Report on At- 
mospheiic Waves ; — E. Schunck, on Colouring Matters; — J. P. Budd, on the advantageous u.se 
made of the gaseous escape fiom the Blast Furnaces at the Ystalyfeia Iron Woiks; — R. Hunt, 
Report of pi ogress in the investigation of the Action of Carbonic Acid on the Giowth of 
Plants allied to those of the Coal Formations, — Pi of. H. W. Dove, Supplement to the Tem- 
perature Tables printed in the Report of the British Association (or 1847 ; — Remaiks by Pi of. 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard to Climatology deducible fiom them ; with an in- 
troductory Notice by Lt.-Col. E. Sabine; — Di. Daubeny, on the piogiess of the investigation 
on the Influence of Caibonic Acid on the Growth of Ferns, — J. Phillips, Notice of further 
piogiess in Anemometrical Reseaiches; — Mr. Mallet’s Letter to the Assistant-General Secre- 
tary ; — A. Erman, Second Report on the Gaussian Constants ; — Report of a Committee 
relative to the expediency of recommending the continuance of the Toionto Magnetical and 
Meteorological Observatoi y until Decembei 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton’s Addiess, 
and Recommendations of the Association and its Committees. 

PROCEEDINGS of the NINETEENTH MEETING, at Rmniimliam, 

1849, Published at 10s. 

Contents: — Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors ; — Earl 
of llos»e, Notice of Nebulae lately observed in the Six-feet Reflector; — Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of those allied to the Fossil 
Remains found in the Coal Formation ; — Dr. Andrews, Report on the Heat of Combination ; 
—Report of the Committee on the Registration of the Periodic Phenomena of Plants and 



Animals;— Ninth Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
— F. Ronalds, Report concerning the Observatory of the British Association at Kew, from 
Aug. 9, 1848 to Sept. 12, 1849; — R. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion;— W. R. Birt, Report on the Discussion of the Electrical Observations at Kew. 

Together with the Transactions of the Sections, the -Rev. T. R. Robinson’s Addiess, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the TWENTIETH MEETING, at Edinburgh, 

1850, Published at 15$. (Out of Print.) 

Contents : — It. Mallet, First Report on the Facts of Earthquake Phenomena ; — Rev. Prof. 
Powell, on Observations of Luminous Meteors; — Dr. T. Williams, on the Structure and 
History of the British Annelida; — T. C. Hunt, Results of Meteorological Observations taken 
at St. Michael’s from the 1st of January, 1840 to the 31st of December, 1849; — R. Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiations; — Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds; — Major-Gen. 
Briggs, Report on the Aboriginal Tribes of India; — F. Ronalds, Report concerning the Ob- 
servatory of the British Association at Kew ; — E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge; — R. MacAndrew, Notes on the Distribution and 
Range in depth of Mollusca and other Maiine Animals, observed on the coasts of Spain, Por- 
tugal, Barbary, Malta, and Southern Italy in 1849, — Prof. Allman, on the Present State of 
our Knowledge ot the Freshwater Polyzoa ; — Registration of the Periodical Phenomena of 
Plants and Animals ; — Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIRST MEETING, at Ipswich, 

1851, Published at 16s. 6d. 

Contents: — Rev. Prof. Powell, on Observations of Luminous Meteors; — Eleventh Re- 
port of Committee on Experiments on the Growth and Vitality of Seeds ; — Dr. J. Drew, on 
the Climate of Southampton ; — Dr. R. A. Smith, on the Air and Water of Towns: Action of 
Porous Strata, Water and Organic Matter; — Report of the Committee appointed to consider 
the probable Effects in an Economical and Physical Point ofView of the Destruction of Tro- 
pical Forests ; — A. Heufrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogamous Plants; — Dr. Daubeny, on the Nomenclature of Organic Com- 
pounds ; — Rev. l3r. Donaldson, on two unsolved Problems in Indo-German Philology;— 
Dr. T. Williams, Report on the British Annelida; — R. Mallet, Second Report on the Facts of 
Earthquake Phenomena ; — Letter from Prof. Henry to Col. Sabine, on the System of Meteoro- 
logical Observations proposed to be established in the United States; — Col. Sabine, Report 
on the Kew Magnetographs , — J. Welsh, Report on the Performance of his three Magneto- 
graphs (lining .h“ Experimental Trial at the Kew Observatory ; — F. Ronalds, Report concern- 
ing the Oli-i rvaioiy of the Biitish Association at Kew, from September 12, 1850 to July 81, 
1851 ; — Ordnance Survey of Scotland. 

Together with the Transactions of the Sections, Prof. Airy's Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SECOND MEETING, at Belfast, 

1 852, Published at 1 5s. 

Contents : — R. Mallet, Third Report on the Facts of Earthquake Phenomena; — Twelfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds; — Rev. Prof. 
Powell, Report on Observations of Luminous Meteors, 1851-52; — Dr. Gladstone, on the In- 
fluence of the Solar Radiations on the Vital Powers of Plants; — A Manual of Ethnological 
Inquiry; — Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta- 
tions under the Bengal Presidency; — Pi of. J. D. Forbes, on Experiments on the Laws of the 
Conduction of Heat; — R. Hunt, on the Chemical Action of the Solar Radiations; — Dr. Hodges, 
on the Composition and Economy of the Flax Plant ; — W. Thompson, on the Freshwater 
Fishes of Ulster; — W. Thompson, Supplementary Report on the Fauna of Ireland; — W. Wills, 
onthe Meteorology of Birmingham; — J. Thomson, on the Vortex- Water- Wheel ; — J. B. Lawes 
and Dr. Gilbert, on the Composition of Foods in relation to Respiration and the Feeding of 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Addiess, and Recom* 
mendations of the Association and its Committees. 
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PROCEEDINGS of the TWENTY-THIRD MEETING, at Hull, 
1853, Published at 105. 6d. 

Contents: — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53; 
—James Oldham, on the Physical Features of the Humber; — James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation in Hull; — William Fairbairn, Expen- 
mental Researches to determine the Strength of Locomotive Boileis, and the causes which 
lead to Explosion; — J. J. Sylvester, Provisional Report on the Theoiy of Deteiminants;— 
Professor Hodges, M.I)., Report on the Gases evolved in Steeping Flax, and on the Composition 
and Economy of the Flax Plant; — Thirteenth Repoit of Committee on Experiments on the 
Giowth and Vitality of Seeds ; — Robeit Hunt, on the Chemical Action of the Solar Radiations; 
— John P. Bell, M D#, Observations on the Character and Measurements of Degradation of the 
Yorkshire Coast; Fust Report of Committee on the Physical Character of the Moon's Sur- 
face, as compared with that of the Ka» th ; — R. Mallet, Piovisional Report on Earthquake 
Wave-Transits; and on Seismometrical Instruments; — William Fairbairn, on the Mechanical 
Properties of Metals as derived fiom lepeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ; — Robert Mallet, Thud Report on the Facts of Earth- 
quake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver- 
pool, 1 854, Published at 1 8s. 

Contents: — R. Mallet, Third Report on the Facts of Eaithquake Phenomena (continued); 
— Maior-General Chesney, on the Construction and Gcneial Use of Efficient Life-Boats; — Rtv. 
Prof. Powell, Third Report on the present State of our Knowledge of Radiant Heat , — Colonel 
Sabine, on some of the results obtained at the Biitish Colonial Magnetic Observatoi les ; — 
Colonel Portlock, Report of the Committee on Earthquakes, with their proceedings lespecting 
Seismometers; — Dr. Gladstone, on the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2; — Rev. Prof Powell, Repoit on Obseivations of Luminous Meteors, 1853-54 ; 
— Second Report of the Committee on the Physical Chaiacter of the Moon’s Surface ; — W. G. 
Armstrong, on the Application of Water- Pi ensure Machinery , — J. B. Lawes and Dr. Gilbert, 
on the Equivalency of Starch and Sugar in Food : — Aiclnbald Smith, on the Delations of the 
Compass in Wooden and Iron Ships ; — Fourteenth Report of Committee on Experiments on 
the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Ilarrowby’s Addiess, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at 15s. 

Contents: — T. Dobson, Report on the Relation between Explosions in Coal-Mines and 
Revolving Stoims; — Dr. Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants growing under diffident Atmospheric Conditions, Part 3; — C Spent e Bate, on the 
British Edriopbthalma ; — J. F. Bateman, on the present state of our knowledge on the Supply 
of W iter to Towns; — Fifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ; — Rev. Pi of. Powell, Report on Obseivations of Luminous Meteois, 1854-55 ; 
—Report of Committee appointed to 'inquire into the best means of ascertaining those pi o- 
perties of Metals and effects of various modes of treating them which are of importance to the 
durability and efficiency of Artillery; — Rev. Prof. Henslow, Report on Typical Objects in 
Natural History; — A. Follett Osier, Account of the Self-Registering Anemometer and Rain- 
Gauge at the Liverpool Observatory ; — Provisional Reports. 

Together with the Transactions of the Sections, the Duke of Argyll’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel- 
tenham, 1 8 56, Published at 1 85 . 

Contents: — Report from the Committee appointed to investigate and report upon the 
effects produced upon the Channels of the Mersey by ti e alterations which within the last 
fifty years have been made in its Banks; — J. Thomson, Interim Report on progress in Re- 
searches on the Measurerr ent of Water by Weir Boards; — Dredging Report, Frith of Cl\de, 
1856; — Rev. B. Powell, Report on Cbservations of Luminous Meteors, 1855-1856; — Piof. 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches ; — Rev. James Booth, on the Trigo- 
nometry of the Parabola, and the Geon etrical Origin of Logarithms ; — R. MacAn^rew, Report 
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on the Marine Testaceous Mollusca of the North-east Atlantic and Neighbouring Seas, and 
the physical conditions affecting their development; — P. P. Caipenter, Report on the piesent 
state of oui knowledge with regard to the Mollusca of the West Coast of Noith America;— 
T. C. Eyton, Abstract of First Report on the Oyster Beds and Oysteis of the British Shoies; 
— Prof. Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of these Phenomena: Part 1. ; — Dr. T. Wiight on the Stiatigraphical Distribution of 
the Oolitic Eclmiodermata ; — W. Fanhairn, on the Tensile Stiength of Wiought Iron at various 
Tempeiatures ; — C. Atherton, on Meicantile Steam 'I ranspoit Economy ; — J. S. Boweibank,on 
the Vital Poweis of the Spongiadae; — Report of a Committee upon the Experiments conducted 
at Stormontfield, near Perth, foi the artificial piopagation of Salmon; — Pumsional Report on 
the Measurement of Ships for Tonnage ; — On Typical Foims of Minerals, Plants and Animals 
for Museums; — J. Thomson, Interim Repoit on Progiess in Researches on the Measme- 
ment of Water by Weir Boards; — R. Mallet, on Observations with the Seismometer ; — A. 
Cayley, on the Piogiess of Theoretical Dynamics ; — Report of a Committee appointed to con- 
sider the formation of a Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SEVENTH MEETING, at 
Dublin, 1857, Published at 15s. 

Contlnts: — A. Cayley, Report on the Recent Progiess of Theoretical Dynamics; — Six- 
tetnth and final Report of Committee on Expciimento on the Giowth and Vitality of Seeds ; 
— James Oldham, C.E., continuation of Report on Steam Navigation at Hull; — Repoit of a 
ComnutUe on the Defects of the present methods of Measuiing and llegi^temig the Tonnage 
of Shipping, as also of Marine Engine-Power, and to frame tnoie pet feet mles, in order that 
a cmteit and uniform principle may be adopted to estimate the Actual Cartying Capabilities 
and Woi King-Power of Steam Ships; — Robeit Weie Fox, IUpoif on the Temperature of 
some Deep Mines in Cornwall; — Dr. G. Plan*, De quelques Transformations dc la Somme 

— ' - , - a etant entier negatif, ct de quelques cas dans lesquels cette somme 

est expnrnahlc par une comhinaison de factorielles, Ianotation a^l + i designant le pioduit des 
t factcurs a (a-f-1) (a-j-2) & c. . . . ( cr / — 1 ) ; — G. Dickie, M D.,Rcpoiton the Maiine Zoology 
of Stiangfoid Lough, County Down, and conesponding pait of the Iiish Channel, — Charles 
Atherton, Suggestions for Statistical Iiiqtmy into the extent to which Meicantile Steam Trans- 
port Economy is affected by the Constiuctive Type ol Shipping, as respects the Proportions of 
Length, Breadth, and Depth; — J. S. Boweibank, Fmthei Repoit on the Vitality of the Spon- 
gicidte ; — John P. Hodges, M.I>., on Flax; — Major-General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain; — Rev. Baden Pow ell, Report on Observations of 
Luminous Meteors, 1 8.5 6—5 7 ; — C. Vignoles, C.E., on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Tiains; — Professoi W. A. Miller, M.D., on Electro-Chemistry; 
— John Simpson, R.N., Results of TheimomctiKal Observations made at the ‘Plover’s* 
V intering-place, Foint Barrow-, latitude 71° 2V N., long. 156° 17 / W., in 1852-54 ; — Charles 
James Haigreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions; — Thomas Giubb, Report on the Improvenent of Telescope and Equatorial 
Mountings, — Thofessor James Buckman, Report on the Experimental Plots in the Botanical 
Gaiden of the Royal Agricultural College at Cirencester ; — W illiam Fairbauti, on the Resistance 
of Tubes to Collapse ; — George C. Hyndman, Report of the Proceedings of the Belfast Dredging 
Committee ; — Peter W. Bailow, on the Mechanical Effect of combining Giideis and Suspen- 
sion Chains, and a Comparison of the Weight of Metal in Oidimuy and Suspension Girders, 
to produce equal deflections with a given load ; — J. Park Harrison, M.A., Evidences of Lunar 
Influence on Temperatuie; — Report on the Animal and Vegetable Products imported into 
Liverpool from the year 1851 to 1855 (inclusive) ; — Andiew Hendeison, Report on the Sta- 
tistics of Life- boats and Pishing-boats on the Coasts of the United Kingdom. 

Together with the Transactions of the Sections, Rev, II. Lloyd's Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds, 

September 1858, Published at 20s. 

Contents: — R. Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe- 
nomena ; — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58; — R. II. 
Meade, on some Points in the Anatomy of the Araneidea oi true Spideis, especially on the 
internal structure of their Spinning Organs; — W. Fail ban n, Report of the Committee on tie 
Patent Lews; — S. Eddy, on the Lead Mining Districts oi Yoikshire ; — W. Fairbairn, on the 
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Collapse of Glass Globes and Cylinders; — Dr. E. Perceval Wright and Prof. J. Reay Greene, 
Report on the Marine Fauna of the South and West Coasts of Ireland; — Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Weir Boards; — Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain ; — Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 ; — Report of the Committee on Ship- 
ping Statistics; — Rev. H. Lloyd, D.D., Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results; — Piof. J. It. Kinahan, Report of Dublin 
Dredging Committee, appointed 1857-58 ; — Prof. J. R. Kinahan, Report on Crustacea of Dub- 
lin District; — Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity for improving the present means of Shallow-Water Navigation 
on the Rivers of British India; — George C. Ilyndman, Report of the Belfast Dredging Com- 
mittee; — \ppendixto Mr. Vignoles’s paper “ On the Adaptation of Suspension Bridges to sus- 
tain the passage of Railway Trains;” — Report of the Joint Committee of the Royal Society and 
the British Association, for procuiinga continuance of the Magnetic and Meteorological Ob- 
servatories; — R. Becklcy, Description of a Self-recording Anemometer. 

Together with the Transactions of the Sections, Prof. Owen's Address, and Recommenda- 
tions ot the Association and its Committees. 

PROCEEDINGS of the TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 155. 

Contents: — George C. Foster, Preliminary Repoit on the Recent Progress and Present 
State of Organic Chemistry ; — Professor Buckman, Report on the Giowtli of Plants in the 
Garden of the Royal Agricultural College, Cireucestei ; — Dr. A. Voclcker, Report on Field 
Experiments and Laboratory Reseaiches on the Constituents of Manures essential to cultivated 
Crops ; — A. Thomson, Esq., of Banchory, Report on the Aberdeen Industrial Feeding Schools; 
— On the Upper Silurians of Lesmahago, Lanarkshire ; — Alphonse Gages, Report on the Re- 
sults obtained by the Mechanico-Chemical Examination of Rocks and Minerals; — William 
Fairbairn, Experiments to determine the Efficiency of Continuous and Self-ading Breaks for 
Railway Trains; — Professor J. R. Kinahan, Report of Dublin Bay Diedging Committee for 
1858-59; — Rev. Baden Powell, Report on Observations of Luminous Meteors lor 1858-59 ; 
— Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan II. Hodgson, Esq., late Re- 
sident in Nepal, &c. &c. ; — Messrs. Maskelyne, Hadow, Hardwich, and Llewelyn, Report on 
the Present State of our Knowledge regaiding the Photographic Image; — G. C. Hyndman, 
Report of the Belfast Di edging Committee for 1859 ; — James Oldham, Continuation of Report 
of the Progress of Steam Navigation at Hull; — Charles Atherton, Mercantile Steam Trans- 
port Economy as affected by the Consumption of Coals; — Warren de la Rue, Report on the 
piesent state of Celestial Photography in England ; — Professor Owen, on the Orders of Fossil 
and Recent Reptiha,and their Distribution in Time; — Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
Biitish Association, by the late John Welsh, Esq., F.R.S.; — W. Fairbairn, The Patent Laws: 
Report of Committee on the Patent Laws; — J. Park Hairison, Lunar Influence on the Tem- 
peiature of the Air; — Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present in operation at the Kew Observatoiy of the British Association; — 
Prof. H. J. Stephen Smith, Report on the Theory of Numbers, Part I.; — Report of the 
Committee on Steamship perfoimance; — Report of the Pioceedings of the Balloon Committee 
of the British Association appointed at the Meeting at Leeds; — Prof. William K. Sullivan, 
Pieliminary Report on the Solubility of Salts at Temperatures above 100° Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert's Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the THIRTIETH MEETING, at Oxford, June 
and July I860, Published at 155. 

Contents: — James Glaisher, Report on Observations of Luminous Meteors, 1859-60;— 
J. R. Kinahan, Report of Dublin Bay Dredging Committee ; — Rev. J. Anderson, Report on 
the Excavations in Dura Den; — Professor Buckman, Report on the Experimental Plots in the 
Botanical Garden of the Royal Agticultural College, Cirencester ; — Rev. R. Walker, Report of 
the Committee on Balloon Ascents; — Prof. W. Thomson, Report of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer for Kew, and Poi table Apparatus for ob- 
serving Atmospheric Electricity ; — William Fairbairn, Experiments to determine the Effect of 
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Vibratory* Action and long-continued Changes of Load upon Wi ought-iron Girders; — R. F. 
Greg, Catalogue of Meteorite* and Fireballs, from a.d. 2 to A.i> IMr'J ; — 1*1 o!. H. J. S. Smith, 
Report on the Theory of Numbeis, Part II.; — Vice-Admiral Moorsom, on the Performance of 
Steam- vessels, the Functions of the Screw, and the Relations of its Diameter and Pitch to the 
Form of the Vessel; — Rev. VV. V. Haicourt, Report on the Effects of long-continued Heat, 
illustrative of Geological Phenomena ; — Second Repoit of the Committee on Steamship Per- 
formance , — Interim Report on the Gauging of Water by Ttiangular Notches ; — List of the 
British Marine Invertebiate Fauna. 

Together with the Transactions of the Sections, Loid Wrottesley’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of hie THIRTY-FIRST MEETING, at Manches- 
ter, September 1 So I , Published at £1, 

Contents: — James Glaisher, Repoit on Observations of Luminous Meteors; — Dr. E. 
Smith, Report on the Action of Piison Diet and Discipline on the Bodily Functions of Pri- 
soners, Part I.; — Clmiles Atherton, on Fi eight as affected by Differences in the Dynamic 
Properties of Steamships; — Wairen l)e la Rue, Report on the Progress of Celestial Photo- 
graphy since the Aberdeen Meeting; — B Stewart, on the Theory of Exchanges, and its re- 
cent extension, — l)is. E. Scliunik, R. Angus Smith, and II. E. Roseoe, on the Recent Pro- 
gress and Present Condition of Manufactuung Chemistry in the Souih Lancashire Distiict;-— 
Dr. J. Hunt, on Ethno-Clnnatology , or, the Acclimatization of Man ; — Prof. J. Thomson, on 
Experiments on the Gauging ol Water by Tnangular Notches ; — Dr. A. Voelckei, Report on 
I ield Experiments and Laboiatoi y Researches on the Constituents of Manures essential to 
cultivated Crops , — Prof. H. Ilennessy, Provision il Repoit on the Present State of our Know- 
ledge respecting the Transmission of Sound- signals dusing Fogs at Sea; — Dr. P. L. Kclater 
and F. von Hochstetter, Repoit on the Present State of our Knowledge of the Birds ol the 
Genus Apteryx living in New Zealand , — J. G. Jeffreys, Report of the Results of Deep-sea 
Dredging in Zetland, with a Notice of several Species of Mollusca new to Science or to the 
British Isles; — Prof. J. Phillips, Contributions to a Repoit on the Physical Aspect of the 
Moon; — W. It. Ihrt, Contribution to a Report on the Physical Aspect of the Moon; — Dr. 
Collmgwood and Mi. Byeiley, Pielmunaiy Report of the Di edging Committee of the Mer»ey 
and Dee; — Thud Repoit of the Committee on Steamship Perfoimance ; — J. G. Jeffreys, 
Preliminary Report on the Best Mode of preventing the Ravages of Teredo and other Animals 
in our Ships and Harbouis, — R. Mallet, Report on the Experiments made at Holyhead to 
asceitain the Tiansit-Velouty of Waves, analogous to Eaithquake Waves, through the local 
Rock Formations ; — T. Dobson, on the Explosions m Biilish Coal-Mines duiing the year 1 859; 
— J. Oidiiam, Continuation of Repoit on Steam Navigation at Hull; — Professor G. Dickie, 
Brief Summaiy of a Repoit on the Flora of the Noith of Ireland ; — Professor Owen, on the 
Psychical and Physical Chaiacters of the Mincopies, or Natives of the Andaman Islands, and 
on the Relations theiebv indicated to othei Races of Mankind Colonel Sykes, Report ot the 
Balloon Committee; — Majoi-Genetal Sabine, Repoit on the Repetition of the Magnetic Sur- 
vey of England; — Interim Report of the Committee for Diedging on the Noith and East 
Coasts of Scotland ; — W. Fan bairn, on the Resistance of lion Plates to Statical Pressure and 
the Force of Impact by Projectiles at High Velocities , — W. Fairbairn, Continuation of Report 
to determine the effect of Vibiatory Action and long-continued Changes of Load upon 
Wrought-Iron Girdeis; — Repoit of the Committee on the Law of Patents; — Prof. II. J. S, 
Smith, Report on the Theoiy of Numbeis, Part III. 

Together with the Transactions of tire Sections, Mr. Faiibairn’s Address, and Recommen- 
dation* of the Association and its Committees. 

PROCEEDINGS of tiie THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862, Published at £1. 

Contents : — James Glaisher, Report on Observations of Luminous Meteors, 1861-62; — 
G. B. Airy, on the Strains in the Interior of Beams; — Archibald Smith and F. J. Evans, 
Report on tire three Reports of the Liverpool Compass Committee; — Report on Tidal Ob- 
servations on tire Humber ; — T. Aston, on Rifled Guns and Projectiles adapted for Attacking 
Armour-plate Defences ; — Extracts, relating to the Observatory at Ivew, from a Report 
presented to the Portuguese Government, by Dr. J. A. de Souza;— H. T. Mennell, Report 
on the Dredging of the Northumberland Coast and Dogger Bank ; — Dr. Cuthbert Collin g- 
wood. Report upon the best means of advancing Science through the agency of the Mercan- 
tile Marine; — Messrs. Williamson, Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, 
Provisional Report on Standards of Electrical Resistance ; — Preliminary Report of the Com- 
mittee for investigating the Chemical and Mineralogical Composition of the Granites of Do- 
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negal ; — Prof. H. Ilennessy, on the Vertical Movements of the Atmosphere considered in 
connexion with Storms and Changes of Weather ; — Repot t of Committee on the application 
of Gauss's General Theory of Terrestrial Magnetism to the Magnetic Variations ; — Fleeming 
Jenkin, on Thermo-electnc Currents in Circuits of one Metal; — W. Fairbairn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities; — A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ; — Pi of. G. G. Stokes, Report 
on Double Refraction ; — Fourth Report of the Committee on Steamship Peiformance 
G. J. Symons, on the Fall of Ram in the British Isles in 1860 and 1861 ; — J. Ball, on Ther- 
mometric Observations in the Alps ; — J. G. Jeffreys, Report of the Committee for Dredging 
on the N.andE. Coasts of Scotland; — Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ; — James Glaisher, Account of Eight Balloon Ascents in 1862 ; — 
Prof. H. J. S. Smith, Report on the Theory of Numbers, Pait IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-THIRD MEETING, at New- 
castle-upon-Tyne, August and September 1868, Published at £l 5s, 

Contents : — Report of the Committee on the Application of Gun-cotton to Warlike Pur- 
poses; — A. Matthiessen, Report on the Chemical Nature of Alloy s ; — Report of the Com- 
mittee on the Chemical and Mmeralogical Constitution of the Granites of Donegal, and on 
the Rocks associated with them; — J. G. Jeffreys, Report of the Committee appointed for 
Exploring the Coasts of Shetland by means of the Diedge; — G. D. Gibb, Report on the 
Physiological Effects of the Bromide of Ammonium ; — C. K. Aken, on the Transmutation of 
Spectial ltays, Pait I.; — Di. Robinson, Report ot the Committee on Fog Signals; — Report 
of the Committee on Standaids of Electrical Resistance ; — E. Smith, Abstiact of Report by 
the Indian Government on the Foods used by the Free and Jail Populations in India; — A. 
Gages, Synthetical Rescaichcs on the Formation of Minerals, &c. ; — R. Mallet, Pielmnnary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, State of Saturation, and Velocity of the issuing Gases and Vapouis ; — Report 
of the Committee on Observations of Luminous Meteors; — bifth Report of the Committee 
on Steamship Performance; — G. J. Allman, Report on the Present State of our Knowledge 
of the Reproductive Svstem in the Hydroida; — J. Glaisher, Aceountof Five Balloon Ascents 
made in 1863; — P. P. Carpenter, Supplementary Report on the Present State of our Know- 
ledge with regard to the Mollusca of the West Coast of North America; — Pi oft ssor Airy, 
Report on Steam-boiler Explosions; — C. W. Siemens, Observations on the Electrical Resist- 
ance and Electrification of some Insulating Materials under Piessures up to 300 Atmo- 
spheres; — C. M. Palmer, on the Construction of Iron Ships and the Progress of lion Ship- 
building on the Tyne, Wear, and Tees; — Messis. Riehaidson, Stevenson, and Clapham, on 
the Chemical Manufactures of the Northern Districts ; — Messrs. Sopwith and Riehaidson, 
on the Local Manufacture of Lead, Copper, Zinc, Antimony, &c. ; — Messrs. Daglish and 
Forster, on the Magnesian Limestone of Durham ; — I. L. Bell, on the Manufactuie of Iron 
in connexion with the Northumbeiland and Durham Coal-field; — T. Spencer, on the Manu- 
facture of Steel in the Northern District; — II. J. S. Smith, Report on the Theory of Num- 
bers, Part V. 

Together with the Transactions of the Sections, Sir William Armstrong’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-FOURTH MEETING, at Bath, 
September 1864, Published at 18$. 

Contents : — Report of the Committee for Observations of Luminous Meteors ; — Report 
of the Committee on the best means of providing for a Uniformity of Weights and Mea- 
sures; — T. S, Cobbold, Report of Experiments respecting the Development and Migration 
of the Entozoa; — B. W. Richardson, Repoit on the Physiological Action of Nitrite of Amyl; 
— J. Oldham, Report of the Committee on Tidal Observations; — G. S. Brady, Report on 
oeep-sea Dredging on the Coasts of Northumbeiland and Durham in 1864; — J. Glaisher, 
Account of Niue Balloon Ascents made m 1863 and 1864; — J C. Jeffreys, Further Report 
on Shetland Dredgings; — Report of the Committee on the Distribution of the Oigamc 
Remains of the North Stuffoidshire Coal-field; — Report of the Committee cn Standards of 
Electtical Resistance; — G. J. Symons, on the Fall of Rain u\ the British Isles in 1862 and 
1863; — W. Fairbairn, Preliminary Investigation of the Mechanical Properties of the pro- 
posed Atlantic Cable. 

Together with the Transactions of the Sections, Sir Charles Lyell’s Address, and Recom- 
mendations of the Association and its Committees. 
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PROCEEDINGS of the THIRTY-FIFTH MEETING, at Birming- 
ham, September 1865, Published at £l 5s. 

Contents : — J. G. Jeffreys, Report on Dredging among the Channel Isles; — F. Buckland, 
Report on the Cultivation of Oysters by Natural and Artificial Methods ; — Report of the 
Committee for exploring Kent’s Cavern ; — Report of the Committee on Zoological Nomen- 
clature; — Report on the Distribution of the Organic Remains of the North Staffordshire 
Coal-field ; — Report on the Marine Fauna and Flora of the South Coast of Devon and Corn- 
wall ; — Interim Report on the Resistance of Water to Floating and Immersed Bodies ; — Re- 
port on Observations of Luminous Meteors ; — Report on Dredging on the Coast of Aberdeen- 
shire; — J. Glaisher, Account of Tlree Balloon Ascents ; — Interim Report on the Transmis- 
sion of Sound under Water; — G. J. Symons, on the Rainfall of the British Isles; — W. Fair- 
bairn, on the Strength of Materials considered m relation to the Construction of Iron Ships; 
— Report of the Gun-Cotton Committee ; — A. F. Osier, on the Horary and Diurnal Variations 
in the Direction and Motion of the Air at Wrottesley, Liverpool, and Birmingham ; — B. W. 
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds ; 
— Report on fuither Researches in the Lmgula-flags of South Wales; — Report of the Lunar 
Committee for Mapping the Surface of the Moon ; — Report on Standards of Electrical Re- 
sistance ; —Report of the Committee appointed to communicate with the Russian Govern- 
ment respecting Magnetical Observations atTiflis ; — Appendix to Report on the Distribution 
of the Vertebrate Remains from the North Staffordshue Coal-field; — II. Woodward, First 
Report on the Structure and Classification of the Fossil Crustacea; — II. J. S. Smith, Report 
on the Theory of Numbers, Part VI.; — Repoit on the best means of providing for a Unifor- 
mity of Weights and Measures, with reference to the inteicsts of Science; — A. G. Findlay, 
on the Bed of the Ocean; — Professor A. W. Williamson, on the Composition of Gases 
evolved by the Bath Spring called King’s Bath. 

Together with the Transactions of the Sections, Professor Phillips's Address, and Recom- 
mendations of the Association and its Committees. 


PEOCEEDINGS of the TU TETY- SIXTH MEETING, at Notting- 
ham, August 1866, Published at £1 45. 

Contents* — Second Repoit on Kent’s Cavern, Devonshire ; — A. Matthiessen, Preliminary 
Ropoit on the Chemical Nature of Cast Iron ;— Report on Observations of Lummous Meteors ; 
— W. S. Mitchell, Report on the Alum Bay Leaf-bed Report on the Resistance of Water 
to Floating and Immersed Bodies; — Dr. Noiris, Report on Musculai Iintability ; — Dr. 
Richardson, Report on the Ph\siologi cal Action of certa.n compounds of Amyl and Etlnl; — 
11. Woodward, Second Report on the Structure and Classification of the Fossil Cmstacea ; — 
Second Ilepott on the “ Menevian Group,” and the other Formations at St. David’s, Pem- 
biokeslnre ; — J. G. Jeffreys, Repoit on Dredging among the Hebrides; — Rev. A. M. Norman, 
Repoit on the Coasts of the Hebrides, Part 11. ; — .J. Alder, Notices of some Invertebrata, in 
connexion with Mr. Jcfficys’s Repoit;— G. S. Biady, Report on the Ostracoda dredgpd 
amongst the Hein ides; — Report on Dredging in the Moray Firth; — Report on the Transmis- 
sion of Sound-Signals under Water ;— Report of the Lunar Committee ; — Report of the 
Rainfall Committee ;— Report on the best means of providing foi a Umloinuty of Weights 
and Measures, w ith reference to the Interests of Science ; — J Glaisher, Account of Three Bal- 
loon Ascents ; — Report on the Extinct Birds of the Mascarene Islands; — Report on the pene- 
tration of li on-clad Ships by Steel Shot; — J. A. Wanklvn, Repoit on isomerism among the 
Alcohols ;— Report on Scientific Evidence in Courts of Law; — A. L. Adams, Second Report 
on Maltese Fossiiiferous Caves, &c. 

Together with the Transactions of the Sections, Mr. Grove’s Address, and Recommendations 
of the Association and its Committees. 


PROCEEDINGS or the THIRTY-SEVENTH MEETING, at 
Dundee, September 1867, Published at £1 Gs. 

Contents: — Report of the Committee for Mapping the Surface of the Moon; — Third 
Report on Kent’s Cavern, Devonshire; — On the piescnt State of the Manufacture of Iron 
in Great Britain ; — Third Report on the Structure and Classification of the Fossil Crustacea; 
— Report on the Physiological Action of the Metlnl Compounds; — Preliminary Report on 
the Exploration of the Plant-Beds of North Greenland ; — Report of the Steamship Perform- 
ance Committee; — On the M« tci.io'onv of Port Louis in the Island of Mauritius; — On the 
Construction and Works of the Highland Railway Experimental Researches on the Me- 
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chanical Properties of Steel; — Report on the Marine Fauna and Floia of the South Coast of 
Devon and Cornwall ; — Supplement to a Report on the Extinct Didme Birds of the Masca- 
rene Islands; — [Report on Obseivations of Luminous Meteors; — Fourth Report on Dredging 
among the Shetland Isles; — Preliminary Report on the Crustacea, &c., procured by the 
Shetland Dredging Committee in 1807 ; — Report on the Foraminifera obtained in the Shet- 
land Seas; — Second Report of the Rainfall Committee, — Report on the best- means of 
providing for a Uniformity of Weights and Measures, with reference to the Interests of 
Science Report on Standards of Electrical Resistance. 

Together with the Transactions of the Sections, and Recommendations of the Association 
and its Committees. 


PROCEEDINGS of the THIRTY-EIGIITH MEETING, at Nor- 
wich, August 1868, Published at £1 5.9. 

Contents • — Report of the Lunar Committee; — Fourth Report on Kent's Cavern, Devon- 
shire ; — On Puddling Iron; — Fourth Report on the Structure and Classification of the 
Fossil Crustacea ; — Report on British Fossil Corals; — Report on Spectroscopic Investigations 
of Animal Substances; — Report of Steamship Performance Committee Spectrum Analysis 
of the Heavenly Bodies;- -Oil Stellar Speetiometiy ; — Report on the Physiological Action of 
the Methyl and allied Compounds; — JReport on the Action of Mercury on the Biliary 
Secretion ; — Last Report on Dredging among the Shetland Isles; — Reports on the Crustacea, 
&c., and on the Annelida and Foiamimfera from the Shetland Dredgings Report on the 
Chemical Nature of Oast Iron, Part I.; — Interim Report on the Salety of Mei chant Ships 
and their Passengers ; — Report on Observations of Luminous Meteors Pielirninary Report 
on Mineral Veins containing Oigamc Remains ; Report on the desirability of Explorations 
between India and China ;- -Report of Rainfall Committee; — Report on Synthetical Re- 
searches on Organic Acids ; — Report on Uniformity of Weights and Measures ; — Repoit of the 
Committee on Tidal Observations ; — Report of the Committee on Underground Temperature; 
—Changes of the Moon's Surface; — Repoit on Polyatomic Cyanides. 

Together with the Transactions of the Sections, Dr. Hooker’s Addiess, and Recommenda- 
tions of the Association and its Committees. 


PROCEEDINGS of the THIRTY-NINTH MEETING, at Exeter, Au- 
gust 1860, Published at £1 2s. 

Contents: — Report on the Plant-beds of North Greenland Report on the existing 
knowledge on the Stability, Propulsion, and Sea-going Qualities of Ships Report on 
Steam-boiler Explosions; — Preliminary Report on the Determination of the Gases existing 
in Solution in Well-waters; — The Pressure of Taxation on Real Pioperty; — On the Che- 
mical Reactions of Light discovered by Prof. Tyndall; — On Fossils obtained at Kiltoikan 
Quarry, co. Kilkenny; — Report of the Lunar Committee; — Report on the Chemical Na- 
ture of Cast Iron; — Report on the Marine Fauna and Flora of the south coast of Devon 
and Cornwall; — Report on the Practicability of establishing “a Close Time" for the Protec- 
tion of Indigenous Animals ; — Experimental Researches on the Mechanical Properties of 
Steel; — Second Report on British Fossil Corals; — Report of the Committee appointed to 
get cut and prepared Sections of Mountain-limestone Corals for Photographing; — Report on 
the rate of Increase of Underground Temperature; — Fifth Repoit on Kent’s Cavern, De- 
vonshire; — Report on the Connexion between Chemical Constitution and Physiological 
Action ; — On Emission, Absorption, and Reflection of Obscure Heat ; — Report on Obser- 
vations of Luminous Meteors ; — Report on Uniformity of Weights and Measures ; — Repoit on 
the Treatment and Utilization of Sewage ; — Supplement to Second Report of the Steam- 
ship-Performance Committee ; — Report on Recent Progress in Elliptic and Hypcrelliptic 
Functions ; — Report on Mineral Veins in Carboniferous Limestone and their Organic Con- 
tents; — Notes on the Foraminifera of Mineral Veins and the Adjacent Strata; — Report of 
the Rainfall Committee ; — Interim Report on the Laws of the Flow and Action of Water 
containing Solid Matter in Suspension; — Interim Repoit on Agricultural Machinery; — 
Report on the Physiological Action of Methyl and Allied Sene*;— On the Influence of 
Form considered in Relation to the Strength of Railway-axles and other portions of Machi- 
nery subjected to [Rapid Alterations of Strain ;— On the Penetration of Armour-plates with 
T <*:.g >inT* of Large Capacityfired obliquely; — Report on Standardsof Electrical Resistance. 

Together with the Transactions of the Sections, Prof. Stokes’s Address, and [Recom- 
mendations of the Association and its Committees. 
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PROCEEDINGS of the FORTIETH MEETING, at Liverpool, Septem- 
ber 1870, Published at 18s. 

Contents : — Report on Steam-boiler Explosions ; — Report of tbe Committee on the 
Haematite Iron-ores of Great Britain and lteland; — Report on the Sedimentary Deposits of 
the River Onny; — Report on the ( hemical Natuie of Cast Iron; — Report on the practica- 
bility of establishing “A Close Time” for the protection of Indigenous Animals ; — Report 
on Standards of Electrical Resistance; — Sixth Report on Kent’s Cavern — Tim d Repoit on 
Underground Temperature; — Second Report of the Committee appointed to get cut and 
prepared Sections of Mountain-Limestone Corals; — Second Report on the Stability, Pio- 
pulsion, and Sea-going Qualities of Ships; — Report on Earthquakes in Scotland; — Report 
on the Treatment and Utilization of Sewage ;— Report on Observation of Luminous Me- 
teors, 1809-70; — Report on Recent Progress in Elliptic and Hyperelhptic Functions; — 
Report on Tidal Observations; — On a new Steam-power Meter; — Report on the Action of 
the Methyl and Allied Senes; — Report of the Randall Committee; — Report on the Heat 
generated in the Blood in the process of Arterndization ; — Report on the best means of 
providing for Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Prof. Huxley’s Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the FORTY-FIRST MEETING, at Edinburgh, 
August 1871, Published at 10s. 

Contents: — Seventh Repoit on Kent’s Cavern; — Fourth Report on Underground Tem- 
perature; — Report on Observations of Luminous Meteors, 1870- 71 ; — Fifth Report on the 
Structure and Classification of the Fossil Crustacea Report for the purpose ot urging on 
Her Majesty’s Government the expediency of arranging and tabulating the results ot the 
approaching Census in the three seveial parts of the United Kingdom in such a manner as 
to admit of ready and effective comparison ; — Report for the purpose of Superintending the 
publication of Abstiacts of Chemical papers ;— Report of the Committee for discussing 
Observations of Lunar Objects suspected of change; — Second Provisional Report on trie 
Thermal Conductivity of Metals; — Report on the Rainfall of the British Isles; — Thud 
Report on the British Fossil ('orals ; — Report on the Heat generated in the Blood during the 
process of Aitenahzation ; — Report of the Committee appointed to consider the subject of 
physiological Experimentation ;— Repoit on the Physiological Action of Organic Chemical 
Compounds; — Report of the Committee appointed to get cut and prepared Sections of 
Mountain-Limestone Corals; — Second Report on Steam-Boiler Explosions ; — Report on the 
Treatment and Utilization of Sewage; — Report on promoting the Foundation of Zoological 
Stations in different parts of the Woild ; — Preliminary Report on tie Theimal Equivalents of 
the Oxides of Chlorine; — Report on the practicability ot establishing a “Close Time” for 
the protection of Indigenous Animals; — Report on Farthquakcs in Scotland; Report on 
tbe best means of providing for a Uniformity of Weights and Measures; — Report on Tidal 
Observations. 

Together with the Transactions of the Sections, Sir William Thomson’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the FORTY -SECOND MEETING, at 
Brighton, August 1872, Published at £1 4s. 

Contents — Report on the Gaussian Constants for the Year 1829 ; — Second Supplemen- 
tary Report on the Extinct Birds of the Mascarene Islands ; — Report of the Committee for 
Superintending the Monthly Reports of the Piogress of Chemistry; — Report of the Com- 
mittee on the best means of providing for a Uniformity of Weights and Measures ; — Eighth 
Report on Kent’s Cavern ; — Report on promoting the Foundation of Zoological Stations in 
different parts of the World; — Fourth Repoit on the Fauna of South Devon ; — Preliminary 
Report of the Committee appointed to Construct and Print Catalogues of Spectral Ray’s 
arranged upon a Scale of Wave-numbers ;— Third Report on Steam-Boilei Explosions ;— 
Report on Observations of Luminous Meteors, 1871-72; — Experiments on the Surface- 
friction experienced by a Plane moving through water; — Report of the Committee on the 
Antagonism between the Action of Active Substances; — Fifth Report on Underground 
Temperature; — Preliminary Report of the Committee on Siemens’s Electrical-Resistance 
Pyrometer ;— Fourth Report on the Treatment and Utilization of Sewage; — Interim Report 
ot the Committee on Instruments for Measuring the Speed of Ships and Currents;— Report 
on the Rainfall of the British Isles {—Report ot the Committee on a Geographical Expira- 
tion of the Country of Moab; — Sur l’elnuination des Fonctions Arbitrages Report on the 
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Discovery of Fossils in certain remote parts of the North-western Highland? ; — Report of the 
Committee on Earthquakes in Scotland ; — Fourth Report on Carboniferous-Limestone Corals ; 
— Report of the Committee to consider the mode in which new Inventions and Claims for 
Reward in respect of adopted Inventions are examined and dealt with by the different 
Departments of Government; — Report of the Committee for discussing Observations of 
Lunar Objects suspected of change; — Report on the Mollusca of Europe; — Report of the 
Committee for investigating the Chemical Constitution and Optical Properties of Essential 
Oils; — Report on the practicability of establishing a “Close Time” for the preservation 
of indigenous animals ; — Sixth Report on the Structure and Classification of Fossil Crustacea ; 
— Report of the Committee to organize an Expedition for observing the Solar Eclipse ot Dec. 
12, 1 H7 1 ; Preliminary Report of a Committee on Torato-embrvological Inquiries ; — Report 
on Recent Progress in Elliptic and llvperelliptic Functions; — Report on Tidal Observations ; 
— On the Brighton Waterworks ; — On Arosler’s Plammcter. 

Together with the Transactions of the Sections, Dr. Carpenter’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS of the FORTY-TIIIltf) MEETING, at Bradford, 
September 1873, Published at £\ 5s. 

Contents: — Report of the Committee on Mathematical Tables; — Observations on the 
Application of Machinery to the cutting of Coal in Mines ; — Concluding Report on the 
Maltese Fossil Elephants ; — Report of the Committee for ascertaining the existence in diffe- 
rent parts of the United Kingdom of any Erratic Blocks or Boulders; — Fourth Report, on 
Earthquakes in Scotland; — Ninth Report on Kent’s Ca\ern ; — On the Flint and Chert Imple- 
ments found in Kent’s Cavern ; — Report of the Committee for investigating the Chemical 
Constitution and Optical Properties of Essential Oils ; — Report of inquiry into the Method of 
making Gold-assays; — Fifth Report on tlic Selection and Nomenclature of Dynamical and 
Electrical Units ; —Report of the Committee on the Lahynnthodonts of the Coal-measures ; 

— Report of the Committee to construct and print Catalogues of Speetial Rays: — Report 
of the Committee appointed to explore the Settle Caves; — Sixth Report on Underground 
Temperature; — Report on the Rainfall of the British Isles ; — Sexeuth Report on Researches 
in Fossil Crustacea; — Report on Recent Progiess in Elliptic and Hvperclliptic Functions; — 
Report on the desirability of establishing a “ Close Tune” for the pieservation of indigenous 
animals; — Report on Luminous Mcteois;— On the visibility of the dark side of Venus; — 
Report of the Committee for the foundation of Zoological Stations in different parts of the 
wot Id; — Second Report of the Committee lor collecting Fossils from North-western Scot- 
land; — Fifth Repoit on the Treatment and Utilization of Sewage; — Report of the Com- 
mittee on Monthly Reports of the Progress of Chemistry; — On the Bradford Waterworks; — 
Report on the possibility of Improving the Methods of Instruction in Elementary Geometry; 

— Interim Report of the Committee on Instruments tor Measming the Speed of Ships, & c. ; 
— Report of the Committee for Determinating High Temperatures by means of the Refran- 
gilnlity of Light, exolved by Fluid or Solid Substances ;— On a penodicity of Cyclones and 
Rainfall in connexion with Sun-spot, periodicity ; — Fifth Report on the Structure of Carbo- 
niferous-Limestone Corals; — Report of the Committee on prepat mg and publishing brief 
forms of Instructions for Travellers, Ethnologists, Ac.; — Preliminary Note trom the Com- 
mittee on the Influence of Forests on the Rainfall; — Report of Sub-Wealden Exploration 
Committee; — Report of the Committee on Machinery for obtaining a Record of the Rough- 
ness of the Sea and Measurement of Waves near shore ; — Repot t on Science-Lectures and 
Organization ; — Second Report on Science-Lectures and Organization. 

Together with the Transactions of the Sections, Professor A. W. Williamson’s Address, 
and Recommendations of the Association and its Committees. 

r:i'» MDI\'.> OF THE FORTY-FOURTH MEETING, at Belfast, 
August 1874, Published at £1 os. 

Contents: — Tenth Report on Kent’s Cavern ; -Report for investigating the Chemical 
Constitution and Optical Properties of Essential Oils; - Second Report of the Sub-Wealden 
Exploration Committee; — On the Recent Progress and Present State of Systematic Botany; 
— Report of the Committee for investigating the Nature of Intestinal Secretion ; — Report of 
the Committee on the Teaching of Pin sics in Schools; -Preliminary Report for investiga- 
ting Isomeric Cresols and their derivatives ; —Third Report of the Committee for Collecting 
Fossils from loc dities in North-Western Scotland; Report on the Rainfall of the British 
Ides; —On the Belfast Harbour; — Report of inqjiry into the Method of making Gold- 
assays ; — Report of a Committee on Experiments to determine the Thermal Conductivities 
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of certain Rocks;- — Second Report on the Exploration of the Settle Caves; — On the Indus- 
trial uses of the Upper Bann river ;— Report of the Committee on the Structure and Clas- 
sification of the Labyrinthodonts ; — Second Report of the Committee for recording the 
position, height above the sea, lithological characters, size, and origin of the Erratic Blocks 
of England and Wales, &c. ; — Sixth Report on the Treatment and Utilization of Sewage ; — 
Report on the Anthropological Notes and Queries for the use of Travellers ; — On Cyclone 
and Rainfall Periodicities Fifth Report on Earthquakes in Scotland; — Report of the 
Committee to prepare and print Tables of Wave-numbers ; — Report of the Committee for 
testing the new Pyrometer of Mr. Siemens ; — Report to the Lords Commissioners of the 
Admiralty on Experiments for the Determination of the Frictional Resistance of Water on 
a Surface &c . ; — Second Report for the Selection and Nomenclature of Dynamical and 
Electrical Units;— -On Instruments for measuring the Speed of Ships; — Report of the 
Committee on the possibility of establishing a “ Close-time ” for the Protection of Indige- 
nous Animals - Report of the Committee to inquire into the economic effects of Combina- 
tions of Labourers and Capitalists, — Preliminary Report on Dredging on the Coasts of 
Durham and North Yorkshire , — Report on Luminous Me eors ; — Report on the best means 
of providing for a Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Professor John Tyndall’s Address, and 
Recommendations of the Association and its Committees. 

I’i:-*' i , ■■! VGS of the FORTY-FIFTH MEETING, at Bristol, 
August 1875, Published at £\ 5s. 

* Contents: — Eleventh Report on Kent’s Cavern; — Seventh Report on Underground 
Temperature; — Report on the Zoological Station at Naples Report of a Committee to 
inquire into the Methods employed in the estimation of Potash and Phosphoric Acid in 
Commercial Products Report on the present state of our knowledge of the Crustacea; — 
Second Report on the Thermal Conductivities of certain Rocks ; — Preliminary Report for 
extending the observations on the Specific Volumes of Liquids ; — Sixth Report on Earth- 
quakes in Scotland; — Seventh Report on the Treatment and Utilization of Sewage; — 
Report of the Committee for furthering the Palestine Explorations ; — Third Report of the 
Committee for recording the position, height above the sea, lithological characters, size 
and origin of the Erratic Blocks of England and Wales, &c. ; — Report of the Rainfall Com- 
mittee Report of the Committee for investigating Isomeric Cresols and their Deriva r 
tives ; — Report of the Committee for -g the Circulation of the Underground 

Waters in the New r Red Sandstone and Permian formations of England; — On the Steering 
of Screw-Steamers;- Second Report of the Committee on Combinations of Capital and 
Labour Report of inquiry into the Method of making Gold-assays ; — Eighth Report on 
Undergtound Temperature; — Tides in the River Mersey; — Sixth Report of the Committee 
on the Structure of Carboniferous Corals ; — Report of the Committee appointed to explore 
Settle Caves; — On the River Avon (Bristol), its Drainage- Area, &c. Report of the 
Committee on the possibility of establishing a “ Close-time ” for the Protection of Indige- 
nous Animals; — Report of the Committee appointed to superintend the Publication of the 
Monthly Reports of the Progress of Chemistry ; — Report on Dredging off the Coast of 
Durham and North Yorkshire m 1874 ; — Report on Luminous Meteors On the Analytical 
Forms called Trees; — Report of the Committee on Mathematical Tables; — Report of the 
Committee on Mathematical Notation and Printing Second Report of the Committee for 
investigating Intestinal Secretion ; — Third Report of the Sub-Wealden Exploration Com- 
mittee. 

Together with the Transactions of the Sections, Sir John Hawkshaw’s Address, and 
Recommendations of the Association and its Committees. 
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1854. %Bellhotise, WiUictm Dawson. 1 Park-street, Leeds . 

Bellingham, Sir Alan. Castle Bi iliiijliam. Ireland. 

18G6. *Belper, The Right Hon. Lord, M.A., D.C.L., F.R.S., F.G.S. 75 
Eaton-square, London, S.W. ; and Kingston Hall, Derby, 

1864. * Bendy she, T. 13 Buckingham- street, Strand, London, W.C. 

1870. JBennett, Alfred W., M.A., B.Se., F.L.S. 6 Park Village East, 

Regent’s Park, London, N.W. 

1871. JBennett, F. J. 12 Hillmarten-road, Camden-road, London, N. 

1870. *Bennett, William. 109 Shaw-street, Liverpool. 

1870. *Bennett, William, jun. Oak Ilill Park, Old Swan, near Liverpool. 
1852. *Bennoch, Francis, F.S. A. 19 Tavistoclc-square, London, W.U. 

1857. JBenson, Charles. 11 Fitz william-square West, Dublin. 

Benson, Robert, jun. Fairfield, Manchester. 

1848. JBenson, Starling, F.G.S. Gloucester-place, Swansea. 

1870. JBenson, W. Alresford, Hants. 

1803. JBenson, William. Fourstones Court, Newcastle-on-Tyne. 

1848. JBentiiam, George, F.R.S., F.R.G.S., F.L.S. 25 \\ !.«■.- A !,v , 
rChiglii-bridin-. London, S.W. 

1842. Bentley, John, 9 Portland-place, London, W. 

1803. §Bentlky, Robert, F.L.S., Professor of Botany in King's College. 
91 Alexandra-road, St. John’s-wood, London, N.W. 

1875. \Beor, Ilenry B. 3 Ilarcoui't-buildiny*, Temple, London , E.C. 

1870. §Bergius, Walter C. 9 Loudon -terrace, llillhead, Glasgow. 

18G8. [{Berkeley, Rev. M. J., M.A., F.L.S. Sibbertoft, Market Har- 
borough. 

1803. J Berkley, C. Marley Hill, Gateshead, Durham. 

1848. JBerrington, Arthur V. D. Woodlands Castle, near Swansea. 

18(36. J Berry, Rev. Arthur George. Monyasli Patronage, Bakewell, Derby- 
shire. 

1870. JBerwick, George, M.D. 30 Fawcett-street, Sunderland. 

18(32. JBesant, William Ilenry, M.A., F.R.S. St. John’s College, Cambridge. 

1865. "Bessemer, Henry. ‘Denmark Hill, Camberwell, London, S.E. 

1858. JBest, William. Leydon-terrace, Leeds. 

Bethune, Admiral, C.B., F.R.G.S. Balfour. Fifesliire. 

1876. §Bettany, G. T., B.A., B.Sc. Cains College, Cambridge. 

1859. i Bo\ eridge, Robert, M.B. 30 Kb:. -<4 \L ideen. 

1874. *Bevington, James B. Merle A\ t .»d, >« \ • r- n 

1863. JBewick, Thomas John, F.G.S. Havdon Bridge, Northumberland. 

"Bickerdike, Rev. John, M.A. St. Mary’s Vicarage, Leeds. 

1870. JBickerton, A. W., F.G.S. Hartley Institution, Southampton. 

1868. {Bidder, George Parker, C.E., F.R.G.S. 24 Great George-street. 
Westminster, S.W. 

1863. J Bigger, Benjamin. Gateshead, Durham. 

1864. {Biggs, Robert. 17 Charles-street, Bath. 

1855. \ Billings, Bober t William. 4 St Mary's-road , Canonburg , London , N. 

Billon, Rev. William, M.A., F.G.S. United University Club, Sufiolk- 
street, London, S.W. 

1842. Binney, Edward William, F.R.S., F.G.S. Cheetham Hill, Man- 
chester. 

1873. {Binns, J. Arthur. A f, ■,« Bradford, Yorkshire. 

BirchaU, Edwin . Airedale City, Newley , Leeds , 

Birchall, Henry. College House, Bradford. 

1866. *Birkin, Richard. Aspley Hall, near Nottingham. 

*Birks, Rev. Thomas Rawson, M. A., Professor of Moral Philosophy in 
the University of Cambridge. 7 Brookside, Cambridge. 

1841, *Birt, William Radcliff, F.R.A.S, Ilawkenbury, Palmerston- 
road, Buckhuret Hill. 
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1871. *Bischof, Gustav. 4 IIart-street ; Bloomsbury, London, W.C. 

1808. JBishop, John. Thorpe Hamlet, Norwich, 

1868. J Bishop, Thomas. Bramcote, Nottingham. 

1809. JBlackall, Thomas. 13 Southernhay, Exeter. 

1870. §Blackburn, Hugh, M. A., Professor of Mathematics in the University 
of Glasgow. 

Blackburne, ltev. John, M.A. Yarmouth, Isle of Wight. 
Blackburne, Rev. John, jun., M.A. Rectory, Horton, near Chip- 
penham. 

1859. JBlackie, John Stewart, M.A., Professor of Greek in tho University 
of UP b..vh. 

1870. §Blackie, Robert. 7 Great Western-terrace, Glasgow. 

1855. *Rlackie, W. G., Ph.J)., F.R.G.S. 17 Stanhope-street, Glasgow. 
1870. } Black more, W. Founder's-court, Lothbury, London. E.C. 

*Blackwall, Rev. John, F.L.S. Ilendre House, near Llanrwst, Den- 
bigh -h in*. 

1803. J Blake, C. Carter, Ph.l)., F.G.S. Westminster Hospital School of 
Medicine, Broad Sanctuary, Westminster, S.W. 

1849. *Blake, Henry Wollaston, M.A., F.R.S., F.R.G.S. 8 Devonsliire- 
place, Portland-phu*e, London, W. 

1840. * Blake, William. Bridge House, South Petlierton, Somerset. 

3845. } Blakeslcy , Rev. J, JV, B. D. Ware Vicarage , Hertfordshire. 

1801. §Blakiston, Matthew, F.R.G.S. 18 Wilton-crescent, London, S.W. 

*P>iakiston, Peyton, M.D., F.R.S. 140 Harley -street, London, W. 
]8()8. I Blanc, Henry , M.L>. 9 Bed ford -street, Bed ford-square, London, W. 

1809. JBlanford, W. T.,F.R, S., F.G.S., F.R.G.S., Ge-b’- !■ a: Si. t , \ of India, 
Calcutta. (12 Keppel-street, Russell-sqtiare, London, W.C.) 
*Blomkfjkld, Rev. Leonard, M.A., F.L.S. , F.G.S. It) Belmont, 
Bath. 

Blore, Edward, LL.I)., E.R.S., F.R.G.S., F.S.A. 4 Manchester- 
square, London, W. 

1870. JBlundell, Thomas Weld. Ince Blundell Hall, Great Crosby, Lan- 
cashire. 

1859. JBlunt, Sir Charles, Bart. Heathfield Park, Sussex. 

1859. JBlunt, Capt. Richard. Bretlands, Chertsev, Surrey 
Blyth, B. Hall. 135 G-erm -in-, t. • .-li 

1858. *Blythe, William. Holland I tank, Church, near Accrington. 

1870. JBoardman, Edward. Queen-street, Norwich. 

1845. j Bodmer, JRodolphe. 

1866. §Bogg, Thomas Wemys*». Louth, Lincolnshire. 

1876. §Bogue, David. 192 Piccadilly, London, W. 

1859. *Bohn, Henry G., F.L.S., F.R. A.S., F.R.G.S., F.S.S. Noith End 

House, Twickenham. 

1871. §Bohn, Mrs. North End House, Twickenham. 

1859. J Bolster, Rev. Prebendary John A. Cork. 

1870. §Bolton, J. C. Carbrook, Stirling. 

Bolton, R. L. Laurel Mount, Aigburth-road, Liverpool. 

1866. JBond, Banks. Low Pavement, Nottingham. 

1863. \Bond, Francis T., M.D . 

Bond, Henry John Ilayes, M.D. C.i-i. . 

187L §Bonney, Rev. Thomas George, M.A , I \ , F.G.S. St. John’s Col- 
lege, Cambridge. 

JBonomi , Ignatius. 36 Blandford-square , London, N. IV. 

Bonomi, Joseph. Soane’s Museum, 15 Lincoln’e-Inn-fields, Lon- 
don, W.C. 

1866. J Booker, W. H. Cromwell- terrace, Nottingham. 

1861. §Booth, James, Elmlield, Rochdale. 
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1835. {Booth, Bey, James, LL.D., F.R.S., F.R.A.S., F.R.G.& The Vicar- 
age. Stone. near Aylesbury. 

1861. *Bootii, W il 1 '«■ in . Hollybank, Cornbrook, Manchester. 

1876. §Booth, William H. Trinity College, Oxford. 

1861, *Borcliardt, Louis, M.D. Barton Arcade, Manchester. 

1849. {Boreham, William W., F.R.A.S. The Mount, Haverhill, New- 

market. 

1870. *Borland, William. 5 Annfield-place, Glasgow. 

1863. {Borries, Theodore. Lovaine-crescent, Newcastle-on-Tyne. 

J876. *Bosanquet, It. H. M., M.A., F.C.S.. F.R.A.S. St. John’s College, 
Oxford. 

*Bossey, Francis, M.D. Mayfield, Oxford-road, Redhill, Surrey. 

1867. §Botly, William, F.S.A. Salisbury House, liamlet-road, Upper Nor- 

wood, London, S.E. 

1858. {Botterill, John. Burley, near Leeds, 

1872. {Bottle, Alexander. Dover. 

1868, {Bottle, J. T. 28 Nelson-road, Great Yarmouth. 

1871. {Bottomley, James Thomson, M.A., F.C.S. The College, Glas- 

gow. 

Bottomley, William. 14 Brunswick-gardens, Kensington, London, 

W. 

1876. §Bottomley, William, jun. 14 Bruns wick-gardens, Kensington, 
London, W r . 

1850. {Bouch, Thomas, C.E. Oxford-terrace, Edinburgh. 

1870. {Boult, Swintou. 1 Dale-street, Liverpool. 

1868. {Boulton, W. S. Norwich. 

1866. §Bourne, Stephen, F.S.S. Abberley Lodge, Hudstone-drive, Harrow. 
{872. {Bovill, William Edward. 29 James-street, Buckingham -gate, 

London, S.W. 

1870. {Bower, Anthony. Bowerdale, Seaforth, Liverpool. 

1867. {Bower, Dr. John. Perth. 

1850. *Bowlby, Miss F. E. 27 Lansdown-crescent, Cheltenham. 

1863. {Bowman, R. Benson. Newcastle-on-Tyne. % 

Bowman, William, E.R.S., F.R.C.S. 5 Clifford-street, Loudon, W. 

1869. {Bowring, Charles T. Elmdcigh, lances Park, Liverpool. 

1869. % Bow ring, J. C. Larkbenre, Exeter. 

1863. {Bowron, James. South Stockton-on-Tees.* 

1863. §Boyd, Edward Fenwick. Moor House, near Durham. 

1871. {Boyd, Thomas J. 41 Moray-place, Edinburgh. 

1865. {Boyle, Rev. G. 1). Soho House, Ilandsworth, Birmingham. 

1872. *Brabiiook, E. W., F.S.A. , Dir. A.I. 28 Abingdon-street, West- 

minster, S.W. 

1869. *Braby, Frederick, F.G.S., F.C.S. Mount Henley, Sydenham Hill, 

London, S.E. 

1870. §Braee, Edmund. 9 Exchange-square Glasgow. 

Bracebridge, Charles Holt, F.R.G.S. The Hall, Atherstone, War- 
wickshire. 

1861. * Bradshaw, William. Slade House, Green-walk, Bowdon, Cheshire. 
1842. *Brady, Sir Antonio, J.P., F.G.S. Maryland Point, Strutford, 

Essex, E. 

1857. *Brady, Chejme, M.R.I.A. Four Courts, Co. Dublin. 

Brady, Daniel F., M.D. 5 Gardiner’s-row, Dublin. 

1863. {Brady, George S. 22 Fawcett-street, Sunderland. 

1862. JBrady, Henry Bowman, F.R.S., F.L.S., F.G.S. 20 Mosley-street, 

Newcastle-on-Tyne. 

1858. %Brcie, Andrew Edmund. 

1875. {Bragge, William, F.S.A., F.G.S. Shirle Hill, Sheffield. 
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1864. JBraham, Philip, F.C.S. 6 George-street, Bath. 

1870, §Broidwood, Dr. Delemerc -terrace, Birkenhead. 

1864. §Braikenridge, Bey. George Weare, M.A.,F.L.S. Clevedon, Somerset. 

1865. IBrajcwrll, Fredfumck J., M.I.C.E., F.R.S. 87 Great George- 

street, London, S.W, 

1872. {Bramwell, William J. 17 Prince Albert-street, Brighton. 

Brancker , liei\ Thomas, M.A. TJmmfjfton, Somerset, 

1867. {Brand, William, Milnefield, Dundee. 

1861. *Brandretli, Rev. Ilenry. Dickie burgli Rectory, Scole, Norfolk. 

1852. {Brazier, James S., F.O.S., Professor of Chemistry in Marischal Col- 

’■ 7 ■ 1 T diversity of Aberdeen. 

1857. , I'm/ - I ■ ■■ 12 Holles-street, Dublin, 

1869. *Breadaltjane, The Right lion, the Earl of. Taymouth Castle, 
N.B. ; and Carlton Club, Pall Mall, London, S.W. 

1878. §Breffit, Edgar, Castleford, near Normanton. 

1808. , T»-. :• . rM_: ■ . Elias. 17 Bloomsbury-square, London, W.C. 

1869. ; It:', i.;, ( lonel Robert. Woodbury, Exeter. 

1860. {Brett, G. Salford. 

1866. {Brettell, Thomas (Mine Agent). Dudley. 

1865. §Brewin, William. Cirencester. 

1875. §Briant, T. Hampton Wick, T \!s . ■: - Thames. 

1867. {Bridgman, William Kence .. i'i» " .. Giles’s-street, Norwich. 

1870. *Bridson, Joseph R. Belle Isle, Windermere, 

1870. {Brierley, Joseph, C.E. New Market-Street, Blackburn. 

1870. *Brigg, John. Broomlield, Keighley, Yorkshire. 

3806. *Briggs, Arthur. Cragg lloyd, Rawdon, near Leeds. 

1866. § Briggs, Joseph. Barrow-in-Furness. 

1803. * Bright, Sir Charles Tilston, C.E., F.G.S., F.R.G.S., F.R.A.S. 

20 Bol ton-gardens, London, S.W. 

1870 {Bright, II. A., M.A., F.R.G.S. Ashfield, Knotty Ash. 

Bright, The Right lion. John, M.P. Rochdale, Lancashire. 

1868. {Brink, Commander Lindesay. Army and Navy Club, Pall Mall, 

London, S.W. 

1842. Broadbent, Thomas. Marsden-square, Manchester. 

1859. # Brodhurst, Bernard Edward. 20 Grosvenor-street, Grosvenor- 
squave, London, W. 

1847. {Brodie, Sir Benjamin C., Bart,, M.A.^ D.C.L., F.R.S., F.C.S. 
Brockliam Warren, Reigate. 

1834. {Brodie, Rev. James, F.G.S. Monimail, Fifeshire. 

1865. {Brodie., Rev. Peter Bellenger, M. A., F.G.S. Rowington Vicar- 
age, near Warwick. 

1853. {Bromby, J. II., M.A. The Charter House, Hull. 

*Brooke, Charles, M.A,, F.R.S., F.R.C.S, 16 Fitzroy-square, 
London, W. 

1855. {Brooke, Edward. Marsden House, Stockport, Cheshire. 

1864. *Brooke, Rev. J. Toy hum. Thornhill Rectory, Dewsbury. 

1855. {Brooke, Peter \\ illiani. Marsden House, ui, Cheshire. 

1863. § Brooks, John Crosse. Wallsend, Newcastle-on- Tyne. 

1846. *Brooks, Thomas. Cranshaw Hall, Rawstenstall, Manchester. 

Brooks, William. Ordfall Hill, East Retford, Nottinghamshire. 

1874. §Broom, William. 20 Woodlands-terrace, Glasgow. 

1847. {Broome, C. Edward, F.L.S. Elmhurst. B .? - 1 i . .■ ■ ■■ Hath. 

1863. *Brough. Lionel H. f F.G.S., one of Her M. v ■.» ' i 1 « 1 .« of Coal- 

Mines. 11 West Mall, Clifton, Bristol. 

*Bhoun, John Aldan, F.R.S. 4 Abereorn-place, St, John’s Wood, 
London, N.W, 

1864. {Brown, Mrs. 1 Stratton- street, Piccadilly, London, W. 



12 


LIST OF MEMBERS. 


Year of 
Election. 

1863. *Brown, Alexander Crum, M.I)., F.R.S.E., F.C.S., Professor of 
Chemistry in the University of Edinbugh. 8 Belgrave-crescent, 
Edinburgh. 

1867. {Brown, Charles Gage, M.D. 88 Sloane-street, London, ‘S.W. 

1855. {Brown, Colin. 192 Hope-street. (Bjulmw. 

1871. § Brown, David. 93 Abbey-hill, Edinburgh. 

1863. * Brown, Rev. Dixon. IJnthank llall, Haltwhistlo, Carlisle. 

1858. § Brown, Henry, J.P., LL.D. Daisy Hill, llawdon, Leeds. 

1870. § Brown, Horace T. The Bank, Burton-on-Trent. 

Brown, Hugh. Broadstone, Ayrshire. 

1870. *Brown, J. Campbell, D.Sc., F.C.S. Royal Infirmary School of 

Medicine, Liverpool. 

1876. § Brown, John. Edenderry House, Belfast. 

1859. { Brown, Rev. John Crombie, LL.D., F.L.S. Berwick-on-Tweed. 
1863. X Brown, John II. 

1874. {Brown, John S. Edenderry, Shaw's Bridge, Belfast. 

1863. {Brown, Ralph. Lambton’s Bank, Newcastle-on-Tyne. 

1871. {Brown, Robert, M.A., Pli.D., F.L.S., F.R.d.8. 26 Guildford- 

road, Albert-square, London, S.W. 

1868. {Brown, Samuel. Grafton House, Swindon, Wilts. 

*Brown , Thomas. Gwentland , Chepstoir . 

*Brown, William. 1 1 Maiden-terrace, Dartmouth Park, London, N. 
1855. {Brown, William. 33 Berkeley-terrace, Glasgow. 

1850. {Brown, William, F.R.S.E. 25 Duhl in-street, Edinburgh. 

1865. {Brown, William. 41a New-street, Birmingham. 

1866. *Browne, Rev. J. II. Lowdham Vicarage, Nottingham. 

1862. * Browne, Robert Clayton, jun., B.A. Browne’s Hill, Carlow, Ireland. 

1872. {Browne, R. Mackley, F.G.S. Northside, St. John’s, Sevenoaks, 

Kent. 

1875. {Browne, Walter R. Bridgwater. 

1865. * Browne, William, M.D. The Friary, Lichfield. 

1865. {Browning, John, F.R.A.S. 111 Minories, London, E. 

1855. § Brownlee, James, jun. 30 Biinibaiik-i.M , 'b-i!'. Glasgow. 

1853. { Bro willow, William B. Villa-place, Hull. 

1863. * Brunei, II. M. 23 Delahay- street, Westminster, S.W. 

1863. {Brunei, J. 23 Delahay -street, Westminster, S.W. 

1875. *Brunlees, James, C.E., F.G.S. 5 Victoria- street, Westminster, S.W. 
1875. §Brunlees, John. 5 Victoria-street, Westminster, S.W. 

1871. XBrunnow, F. 

1868. {Brunton, T. Lauder, M.D.,F.U.S. 23 Somerset-street, Portman- 
square, London, W. 

1877. §Bryant, George, India Office, London, S.W. 

1875. {Bryant, G. Squier. 15 White Ladies’-road, Clifton, Bristol. 

1875. §Bryant, Miss S. A. The Castle, Denbigh. 

1861. {Bryce, James. York Place, Ili p.-r Br i*_!m i s *s i. Manchester. 

Bryce, James, M.A.,LL.l)., F.l» I ! , IP •.>. 1 8 Morningsidc-place, 
Ediuburali. 

13ry( i', Mc\. Ik J., LL.D., Principal of Belfast Academy. Belfast. 
1859. {Bryson, William Gillespie. Cullen, Aberdeen. 

1867. {Buccleuch and QuEENSBERRY,lIis Grace the Duke of,K.G., D.C.L., 

F.R.S. L. & E., F.L.S. Whitehall -gardens, London, S.W.; and 
Dalkeith House, Edinburgh. 

1871. §Buchan, Alexander, M.A., F.R.S.E., Sec. Scottish Meterological 
Society. 72 Northuniberland-street, Edinburgh. 

1867. {Buchan, Thomas. Strawberry Bank, Dundee. 

Buchanan, Andrew, M.D. Professor of the Institutes of Medicine 
in the University of Glasgow. 4 Ethol-place, Glasgow. 
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Buchanan, Archibald. Catrine, Ayrshire. 

Buchanan, I). C. Poulton ciini Seacombe, Cheshire. 

1871. {Buchanan, John Y. 10 Moray-place, Edinburgh. 

1864. §Buckle, Rev. George, M.A. Twert ■ V* V 

1865. *Buckley, Henry. 27 Wheel ey’s-road, '■ t . ■ : . jlunn. 

1848. *Buckman, Professor James, L.L.S., F.G.S. Bradford Abbas, Sher- 
borne, Dorsetshire. 

1860. {Bucknill, J. C., M.D., F.R.S. 80 Wimpole-street, London, W. 

1851. *Bucki^>n, George Bowdler, F.R.S., F.L.S., F.C.S. Weycombe, 

Haslemere, Surrey. 

1848. *Burd, James Palmer. Ystalyfera Iron Works, Swansea. 

1875. §Budgett, Samuel. Gotham House, Bristol. 

1871. § Bulloch, Matthew. 11 Park-circus, Glasgow. 

1845. *Bunbtjry, Sir Charles James Fox, Bart., F.R.S., F.L.S., F.G.S., 
F.R.G.S. Barton Hall, Bury St. Edmunds. 

1865. {Bunce, John Mackrav. i Journal Office,’ New-street, Birmingham. 
1868. § Burmin g, T. Wood. Institute of Mining and Mechanical Engineers, 

N e wcastle -on-Tyne . 

1842. *Burd, John. 5 Gower-street, London, W.C. 

1875. {Burder, John, M.J). 7 South Parade, Bristol. 

1860. {Burdett-Coutts, Baroness. Stratton-stroet, Piccadilly, London, W. 

1874. {Burdon, ITenry, M.D. Clandebo;\e, Belfast. 

1872. *Burgess, Herbert. 62 High- tr-it, Battle, Sussex. 

1857. | Burk, J. Lardner , LL.l). 

1805. X Burke, Luke . 5 Albert Terraco, Acton, London, IV. 

I860. * Burnell, Arthur Coke. 

1876. §Burnet, John. 14 Victoria-crescent, Dowanhill, Glasgow. 

1850. {Burnett, Newell. Belmont-street, Aberdeen. 

1860. {Burrows, Montague, M.A., Professor of Modern History, Oxford. 

1874. §Burt, Rev. J. T. Broadmoor, Berks. 

1866. ^Burton, Frederick M., F.G.S. Iliglifield, Gainsborough. 

1864. {Bush, W. 7 Circus, Bath. 

Bushell, Christopher. Royal \ ■ -InsiM'i Liverpool. 

1855. *Busk, George, F.R S., V.P.L.r?., F.U.Cs. 52 llarley-street, Caven- 
dish-square, London, W. 

1857. {Butt, Isaac, Q.C., M.P. 64 Eceles-street, Dublin. 

1855. ^Buttery, Alexander W. Cardarroch House, near Airdrie. 

1872. {Buxton, Charles Louis. Cromer, Norfolk. 

1870. {Buxton, David, Principal of the Liverpool Deaf and Dumb Institution, 
Oxford-street, Liverpool. 

1868. {Buxton, S. Gurney. Catton Hall, Norwich. 

1872. {Buxton, Sir T. Fowell. Warlies, Waltham Abbe}", Essex. 

1854. {Byerley, Isaac, F.L.S. Seacombe, Liverpool. 

Byng, William Bateman. 2 Bank-street, Ipswich. 

1852. {Byrne, Very Rev. James. Ergcnairh Rectory, Omagh, 

1875. §Byrom, W. Ascroft, F.G.S. 27 lving-street, Wigan. 

1858. §Cail, John. Stokesley, Yorkshire. 

1803. {Cail, Richard. Beaconstield, Gateshead. 

1854. {Caine, Nathaniel. 38 Belvedere-road, Princes Park, Liverpool. 
1858. *Caine, Rev. William, M.A. Christ Church Rectory, Denton, near 

Manchester. 

1876. §Caird, Alexander M‘Neel. Genoch, Wigtonshire. 

1863. {Caird, Edward. Finnart, Dumbartonshire. 

1876. § Caird, Edward B. 8 Scotian d-street, Glasgow. 

1861. *Caird, James Key. 8 "'l LI ;■ , i. Dundee. 

1855. *Caird, James Tennant. Beileaire, Hreenock. 
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1875 . 0B j: C aldico 1 1, Rev. J. W., D.D. The Grammar School, Bristol. 

18C8. JCaley, A. J. Norwich. 

1 Q/»Q - Polgr Norwich. 

Ig 57 * • Call an, Rev. N. J., Professor of Natural Philosophy in Maynooth 

1853. jCalver,°Oaptain E. K., R.N., F.R.S. The Grange, Redhill, Surrey. 
1876. fcameron, Charles, M.D.,LL.D., M.P. 1 Huntly-gardens, Glasgow. 
1857. ICameron, Charles A., M.D. 15 Pembroke-road, Dublin. 

1870. lOameron, John, M.D. 17 Rodney-street, Liverpool. * 

1 857. * Campbell, Dugald, F.C.S. 7 Quality-court, Chancery-lane, London, 

1874. 'Campbell, Sir George, K.C.S.I., M.P., D.C.L., F.R.G.S. 1 J Covn- 
wall-gardens, South Kensington, London, S.W.; and Edenwood, 
Cupar, Fife. 4 _ , , 

Campbell, Sir Hugh P. II., Bart. 10 Hill-street, Berkeley-square, 
London, W. ; and Marehmont House, near Dnuse, Berwickshire. 
•Campbell, Sir James. 129 Bath-street, Glasgow. 

1870. SCampbell, James A. 3 Claremont-terrace, Glasgow. 

Campbell, John Archibald, M.D., F.R.S.E. Albyn-place, Edinburgh. 
1872. 1 Campbell, Rev. J. R., D.D. 5 Eldon-place, Manningham-lane, 
Bradford, Yorkshire. 

1859. ICampbell, William. Dunmore, Argyllshire. 

1871. ICampbell, William Hunter, LL.D. (.•'•-.u k.iv . D. ir- a, British 

Guiana. (Messrs. Ridgway & S. • i-, 2 W i.:< i !-> . , Loudon, 

Campbell-Joiinston, Alexander Robebt, F.R.S. 81 Si.Georgo’s- 
square, London, S.W. 

1876. §Campion, Frank, F.G.S., F.R.G.S. The Mount, Duffield-roacl. Derby. 
1862. *Campion, Rev. Dr. William M. Queen’s College, Cambridge. 
1868.' *Cann, William. 9 Southemhay, Exeter. , _ r . , . 

1873 *Carbutt, Edward Hamer, C.E. St. Ann’s, Burley, Leeds, r orkshire. 

*Carew, WiUiam Henry Pole. Antony, Torpoint, 1 )evonport. 

1876. §Carlile, Thomas. 5 St. J ames’s-terrace, Glesgow 

Carlisle, The Right Rev. Harvey Goodwin, D.D., Lord Bishop of. 
Carlisle. 

1861. J Carlton, James. Mosley- street, Manchester. 

1867. t Carmichael, David (Engineer). Dundee. 

1867. {Carmichael, George. 11 Dudhope-terrace, Dundee. 

Carmichael, H. 

Carmichael , John T. C, Messrs. Todd fy Co., Cork. 

1876. § Carmichael, Neil, M.D. 22 South Cumberland-street, Glasgow. 
1871. {Carpenter, Charles. Brunswick -square, Brighton. 

1871. § Carpenter, Herbert P. 56 Regent’s Park-road, London, N.W. 

* Carpenter, Philip Pearsall, B.A., Ph.D. Montreal, Canada. 
(Care of Dr. W. B. Carpenter, 56 Regent’s Park-road, London, 
N.W.) 


1854. t Carpenter, Rev. R. Lant, B. A. Bridport. ^ ^ 

1845. {Carpenter, William B., C.B., M.D., tX.D., F.R.S., F.L.S., 
" F.G.S., Registrar of the University of London. 56 Regents 

Park-road, London, N.W. 

1872. §CaRPenter, William Lant, B. A., B.Se., F.C.S. \\ mifred House, 
Pembroke-road, Clifton, Bristol. 

1842. *Carr, William, M.D., F.L.S., F.ll.C.S. Lee Grove, Blaokheath, 
S E 

1867. § C a rbxjt h e r s , Willxam, F.R.S., F.L.S., F.G.S. British Museum, 
1801. , Carson”ltTv. Joseph, D.D., M.R.I.A. 18 Fitzwilliam-plnce, Dublin. 
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1857. JCarte, Alexander, M.D. Royal Dublin Society, Dublin. 

1808. JCarteighe, Michael, F.C.S. 172 New Bond*street, London, W. 

1800. ^Carter, II. II. The Park, Nottingham. 

1855. JCarter, Richard, C.E.,F.G S. Oockerham Hall, Barnsley, Yorkshire. 
1870. X Carter, Dr. William. 09 Elizabeth-street, Liverpool. 

*Cartmell, Rev. James, 1).D., F.G.S., Master of Christ’s College. 
Christ College Lodge, Cim.l.iid;*. 

1870. - C. s *.■ ■« i ■ J ta, A.I.C F.JUorougli Surveyor. Bury, Lancashire. 
1802. , 1 ■■ . I - ■■ . F.A.S L. Care of Messrs. Daglish and Co., 8 Ilar- 

i burton— .ir* • i. Liverpool. 

1808. J Cary, Joseph 11 enr} r . Newmarket-road, Norwich. 

1800. ^Casella, L. P., F.R.A.S. South-grove, Higligate, London, N. 

1871. JCash, Joseph. Bird Grove, Coventry. 

1878. *Cash, William. 88 Elmfield- terrace, Saville Park, Halifax. 

1842, * Casseh, liev. Andrew , M.A. 

Castle, Charles. Clifton, Bristol. 


1874. §Caton, Richard, M.D., Lecturer on Physiology at the ' 
Medical School. 18 a Abercroinby-sqnare, Liverpool. 
1858. J Gator, John B., Commander R.N. 1 A del aide-street, Hull 

1 flr.O +r*(ie a UAUnvi AA Tv'll! I.JI i>. I I A KalirluAil 


1859. jCatto, Robert. 44 Kiiu—up ■ l. 
1878. *Oaveildish, Lord Fredrick, M.P. 


l. Aberdeen. 

L\ 21 Carlton House-terrace, London, 


1849. JCawley, diaries Edward. The Heath, Kir sail, Manchester. 

1800. §Caylky, Arthur, EL.D., F.R.S., Y.P.li.A.S., Sadlerian Professor of 
Mathematics in the University of Cambridge. Garden House, 
C.nnbridu' 1 . 


Cayley, Dig by. Bromptou, near Scarborough. 

Cayley, Edward Stillingfleei. Wydale, Malton, Yorkshire. 

1871. * Cecil, Lord Sackville. Ilayes Common, Beckenham, Kent. 

1870. JChadburn, C. H. Lord-street, Liverpool. 

1858. *Chadwick, Charles, M.D. Lynncourt, Broadwater Down, Tunbridge 
Wells. 


1800, JChaDwicic, Da yip, M.P. The Poplars, Herne Hill, London, S.E. 
1842. Chadwick, Edwin, C.B. Richmond, Surrey. 

1842. Chadwick, Elias, M.A. PudLeston Court, near Leominster. 

1859. ^Chadwick, Robert. Jlighbank, Manchester. 

1801. jChadwiVk, Tliomas. Wilmslow Grange, Cheshire.- 

*Ciiallik, Rev. James, M.A., F.R.S., F.li. A.S., Plumian Professor of 
Astronomy in the University of Cambridge. 2 Trumpington- 
street, Cambridge. 

1859. JChalmers, John lnglis. Aldbar, Aberdeen. 

1805. ^Chamberlain, J. II. Christ Clnm li-hi.ilding-. Birmingham. 

1868. X Chamberlin, Robert. Cation, Noiwii h. 

1842. Chambers, George. High Green, Sheffield. 

Chambers , John. 

1868. J Chambers, W. O. Lowestoft, Suffolk. 

*Champney, Henry Nelson. 4 New-street, York. 

1805. tChance, A. M. Edgbaston, Birminyham. 

1805. *Chance, James T. Four Oaks Park, Sutton Coldfield, Birmiiuhani. 
1805, §Cliance, Robert Lucas. Chad Hill, Edgbnston, Birmingham. 

1801. # Chapman, Edward, M.A., F.L.S., F.C.S. Frewen llall, Oxford. 
1861. *Chapman, John, M.P. Hill End, Mottram, Manchester. 

1860. jCbapman, William. The Park, N«.lii»*«.h:mi. 

1871. §Chappell, William, F.S.A, Strafibrd Lodge, Oatlands Park, Wey* 
bridge Station. 

1874. ^Charles, ^ohn James, M.A., M.l). 11 Fisherwiek-place, Belfast. 

1871. ^Charles, T. C. ; M.D. Queen's College, Belfast. 
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1836. Charlesworth, Edward, F.G.S. 113a Strand, London, W.C. 
1874. {Charley, William. Seymour Hill, Dunmurry, Ireland. 

1863. {Charlton, Edward, M.D. 7 Eldon-square, Newcastle-on-Tyne. 

1866. {Charnock, Richard Stephen, Ph.l)., F.S.A., F.R.G.S. 8 Gray’s- 

Inn-square, London, W.C. 

Chatto, W. J. P. Union Club, Traf.iljur-'quaro, London, S.W. 

1867. *Chatwood, Samuel, 5 Wentwortli-place, Bolton. 

1864. {Cheadle, W. B., M.A., F.R.G.S. 2 Hyde Park-place, Cum- 

ber! and-gate, London, W. 

1874. *Chermside, Lieutenant IT. C., R.E. Care of Messrs. Cox & Co., 

Craig’s-court, Charing Cros^, London, S.W. 

1872. §Chiciiestkr, The Right Hon. the Earl of. Stanmer House, Lewes. 
Chichester, The Right Rev. Richard Durnford, Lord Bishop of. 
Chichester. 

1865. * Child, Gilbert W., M.A., M.D., F.L.S. Lee Place, Charlbury, Oxon. 
1842. *Chiswell, Thomas. 17 Lin<*obi-iTn\.-. Plymoutli-grov e, Manchester. 
1863. {Cholmeley, Rev. C. H. Hinton Rectory, Salisbury. 

1859. {Christie, John, M.D. 46 School-hill, Aberdeen. 

1861. {Christie, Professor R. C., M.A. 7 St. ,7 ames’s-square, Manchester. 

Christison, Sir Robert, Bart., M.l)., D.C.L., F.R.S.E., Professor 
of Dietetics, Materia Medica, and Pharmacy in the University 
of Edinburgh. Edinburgh. 

1875. * Christopher, George, F.C.S. (Assistant General Treasurer.) 

University College, London, W.C. 

1876. *Chrystal, G. Coipus Cliristi College, Cambridge. 

1870. §Chuiich, A. II., F.C.S., Professor of Chemistry in the Royal Agri- 
cultur G . Cirencester. 

1860. {Church, Selby, M.A. St. Bartholomew's Hospital, 

London, E.C. 

1857. { Churchill, F., M.D. 15 Stephen' 8-yreen, Dublin. 

1868. {Clahburn, W. II. Thorpe, Norwich. 

1863. {Clapham, A. 3 Oxford-street, Newcastle-on-Tyne. 

1863. {Clapham, Henry. 5 ^ Newcastle-on-Tyne. 

1855. § Clapham, Robert Calyeiit. Garsdon House, G arsd on /Newcastle- 
on- Tyne. 

1869. § Clapp, Frederick. 44 Magdalen-street, Exeter. 

1857. {Clarendon, Frederick Yilliers. 1 Belvidere-place, Mount) oy-square, 
Dublin. 

Clark , Courtney IC 

1859. {Clark, David. Coupar Angus, Fifeshire. 

1876. § Clark, David P. Glasgow. 

Clark, G. T. Bombay ; and Atlicnreum Club, London, S.W. 

1876. § Clark, George W. Glasgow. 

1846. * Clark, Henry , M.D. 2 Arundel- gar dens, Kensington, London , TV. 
1876. §Clark, Dr. John. 138 Bath-street, Glasgow. 

1861. {Clark, Latimer. 5 Westminster-chambers, Victoria-street, London, 

S.W. 

1855. {Clark, Rev. William, M.A. Barrhead, near Glasgow. 

1865. {Clarke, Rev. Charles. Charlotte-road, F- 1 . " . ..IV *■ ' ■ . 

1875. § Clarke, Charles S. 4 Worcester-terrac< , i . ‘i 1 5i-I - • -i. 

Clarke, George. Mosley-street, Manchester. 

1872. *Clarke, IIyde. 32 St. * 'p:.sr- . Pimlico, London, S.W. 

1875. {Clarke, John IIenby. 4 VV orcester-terrace, Clifton, Bristol. 
1861. * Clarke, John Hope. Lark Hill House, Edgelcy, Stockport. 

1842. Clarke , Joseph. 

1851. {Clarke, Joshua, F.L.S. Fairy croft, Saffron Walden. 

Clarke, Thomas, M.A. K ! » o 1 1 i i ; :: i o: i Manor, H owden, Y orkshire. 
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1801. | Clay, Charles, M.D. 101 Piccadilly, Manchester. 

*Clay, Joseph Travis, F.G.S. Rastriclc, near Brighouse, Yorkshire. 

1856. *Clay, Colonel William. The Slopes, Wallasea, Cheshire. 

1860. {Clayden, P. W. 13 Tavistock-sqnare, London, W.C. 

1875. {Clegram, T. W. B. Saul Lodge, near Stonehouse, Gloucestershire. 

1850. {Cleg hobn, Hugh, M.D., F.L.S., late Conservator of Forests, Madras. 

Stravithie, St. Andrews, Scotland. 

1859. {Cleghorn, John. Wick. 

1861. §Cleland, J ohn, M.D., F.R.S., Professor of Anatomy and Physiology 

in Queen’s College, Galway. Vicarscroft, Galway. 

1857. {Clements, Ileniw. Dromin, Listowel, Ireland. 

{Clerk, Rev. 1). M. Deverill, Warminster, Wiltshire. 

1852. {Clibborn, Edward. Royal Irish Academy, Dublin. 

1873. § Cliff, John. Ilalton, Runcorn. 

1809. § Clifford, William Kingdon, M.A., F.R.S., Professor of Applied 
Mathematics and Mechanics in University College, London. 
20 Colville-road, Bayswater, London, W. 

1861. *Clifton, R. Bellamy, M.A., F.R.S., F.R.A.S., Professor of Experi- 
mental Philosophy in the University of Oxford. Portland 
Lodge, Park Town, Oxford. 

Clonbrock, Lord Robert. Clonbrock, Galway. 

1854. IClose, The Very Rev. Francis, M.A. Carlisle. 

1800. §Close, Thomas, F.S.A. St. James’s-street, Nottingham. 

1873. {Clough, John. Bracken Bank, Keighley, Yorkshire. 

1859. {Clouston, Rev. Charles. Sand wick, Orkney. 

1801. * Clouston, Peter. 1 Park-terrace, Glasgow. 

1803. *Clutterbuck, Thomas. Wark worth, Acklington. 

1808. {Coalts, J. B. Thorpe, Norwich. 

1855. * Coats, Sir Peter. Woodside, Paisley. 

1855. * Coats, Thomas. Fergeslie I louse, Paisley. 

Cobb, Edward. 20 Park-street, Bath. 

1851, *Cobbold, John Chevallier. Holywells, Ipswich ; and Athena) uni 

Club, London, S.W. 

1804. {Gobbold, T. Spencer, M.D., F.R.S., F.L.S., Lecturer on Zoology 

and Comparative Anatomy at the Middlesex Hospital. 42 Har- 
ley-street, Loudon, W. 

1864. * Cochrane, James Henry. 129 Lower Baggot-street, Dublin. 

1854. X Cocker/ y William.- 

1801. *Coe, Rev. Charles C.,F.R.G.S, llighfield, Manchester-road, Bolton. 

1865. {Coghill, H. Newcastle-under-Lyme. 

1870. §Colbourn, E. Rush ton. 5 Marchmont-terrace, Ilillhead, Glasgow. 

1853. {Colchester, William, F.G.S. Grundesburgli Hall, Ipswich. 

1808. {Colchester, W. P. E. *'■ ’ Royston. 

1859. *Cole, Henry Warwick, Q.C. 23 High-street, Warwick. 

1870. §Colebrooke, Sir T. E., Bart., M.P., F.R.G.S. 37 South-street, Park- 
lane, London, W. ; and Abington House, Abington, N.B. 

1800. {Coleman, J. J., F.C.S. G9 St. George’s -place, Glasgow. 

1854. *Colfox, William, B.A. Westmead, Bridport, Dorsetshire. 

1857. {Colies, William, M.D. 21 51 ’ '■ -.Dublin. 

1801. * Collie j Alexander. 12 Kensington l’atace- gardens, London, W. 

1809. {Collier, W. F. Woodtown, TT ’ ■ . South Devon. 

1854. {Colling wood, Cuthbert, M.A., M.B., F.L.S. 4 Grove-terrace, 
Belvedere-road, Upper Norwood, Surrey, S.E. 

1801. *Collingwood, J. Frederick, F.G.S. Anthropological Institute, 4 St. 
Martin’s-place, London, W.C. 

1865. * Collins, James Tertius. Churchfield, Ed gL a- ton, Birmingham. 

1870. § Collins, J, H., F.G.S. Truro, Cornwall. 


o 
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18/0. § Collins, William. 3 Park-terrace East, Glasgow. 

Collis, Stephen Edward. Listowel, Ireland. 

1808. *Col.man, J. J., M.P. Carrow House, Norwich $ and 108 Cannon- 
street, London, E.C. 

1870. §Ooltart, Robert. The Hollies, Aigburth-road, Liverpool. 

Colthurst, J ohn. Clifton, Bristol. 

1874. t Combe, James. Ormis ton House, Belfast. 

♦Compton, The Yen. Lord Alwyn. Castle Ashby, Northampton 
shire; and 145 Piccadilly, London, W. 

184G. ♦Compton, Lord William. 145 Piccadilly, London W. 

1852. tConnal, Michael. 10 Lyjiedock-terrace, Glasgow. 

1871. ♦Connor, Charles C. Hope House, College Park Last, Belfast. 

1804. ♦ Con well, Eugene Alfred, M.R.I.A. The Model Schools, Cork. 

1870. §Cook, James. 102 North-street, Glasgow. 

1870. §Cooke, Conrad AY. 57 J .andor-road, Clapham Lise, London 

1803. tCooicic, Edward William, ft. A., F.R.S., E.Il.G.S., E.L.S., F.G.S 
Glen Andred, G ■ h.” . Sussex ; and AtUenasum Club, l’al 

Mall, London, S. W . 

1808. 1 Cooke, Rev. George II. AVanstead A’ieamge, near Norwich. 

Cooke, James 11., M.A. 73 HI- - >- ■ * - lhiblin. 

Cooke, J. U. Cavendish-road, Birkenhead. 

1808. JCookh, M. C., M.A. 2 Grosvenor-v Mas, Upper Holloway 
London, N. 

Cooke, Rev. T. L., M.A. Magdalen College, Oxford. 

Cooke, Sir William Father (j ill. Telegraph Office, Lothhury , London 


E.C. 

1859. ♦Cooke, William Henry, M.A., Q.C., F.S.A. 42 Wimpole-street 
London, W. ; and liainthoipe Hall, Long Stratton. 

1805. ;£ Cooksey, Joseph. West Bromwich, BmuinJiam. 

1803 fCookson, N. C. Benwcll Tower, Newcastle-on-Tyne. 

1809. §Cooling, Edwin, F.R.G.S. Mile Ash, Derby. 

1850. {Cooper, Sir Henry, M.D. 7 Charlotte-street, Hull. 

Cooper, James. 58 i\ •':■■■ : 1 -■ Him.-. Bayswater, London, Y\. 

1875. iCooper, T. T., F.R.U.s. Messrs. King A Co., Comhill, 

London, E.C. 

1808. t Cooper, W. J. The Old Palace, Richmond, Surrey. 

1840. {Cooper, William White, F.R.C.S. 19 Berkelev-square, London, \Y . 
1871. f Copeland, Ralph, Fh.I). Parsonstown, Ireland. 

1808. {Copeman, Edward, M.D. Upper King-street, Norwich. 

1863. {Coppin, John. North Shields. 

1842. Corbett, Edward. Ravenoak, Chcadle-hulme, Cheshire. 

1855. J Corbett, Joseph Henry, M.D., Professor of Anatomy and Physiology, 
Queen’s College, Cork. 

1870. ♦Corfield, W. II., M.A., M.B., F.G.S., Professor of Hygiene and 
Public Health in University College. 10 Bolton-row, Mayfair, 


London, W. 

Cor mack } John Rose , M.D., F.li.S.F. 

Cory, Rev. Robert, B.D., F.C.P.S. S.:.. . •■<■ :,d. Peterborough. 
Cottam, George. 2 Winsley -street, London, W. 

1857. {Cottam, Samuel. Brazennose-street, Manchester. 

1855. ICotterill, Rev. Henry, Bishop of Edinburgh. Edinburgh. 

1874. ♦Cotterill, J. 1I.,M.A. 2 Professor of Applied Mechanics. Royal Naval 
College, Greenwich, S.E. 

1864. §Cotton, General Frederick C., R.E., C.S.L 13 Longridge-road 
London, S.W. 

1869. {Cotton, William. Pennsylvania, Exeter. 
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•Cotton, Rev. William Charles, M.A. Vicarage, Frddsham, Cheshire. 
1876. §Couper, James. City Glass Works, Glasgow. 

1876. §Couper, James, jun. City Glass Works, Glasgow. 

1865. JCourtald, Samuel, F.R.A.S. 76 Lancaster-gatc, London, W . ; and 
Gosfield Hall, Essex. 

1874. §Courtauld, John M. Booking Bridge, Braintree, Essex. 

1834. | Cowan, Charles. 38 West !!■ ji-lir—lr- W. Edinburgh. 

1876. §Cowan, J. B. 159 Bath-street, Glasgow. 

Cowan, John. Valleyfield, Pennycuick, Edinbiu'gli. 

1863. JCowau, John A. Blaydon Burn, Durham. 

1863. JCowan, Joseph, jun. Blaydon, Durham. 

1872. "Cowan, Thomas William. Hawthorn House, llorsham. 

1873. ‘Cowans, John. Cranford, Middlesex. 

Cowie, The Very ltev. Benjamin Morgan, M.A., B.D., Dean of Man- 
chester. The Deanery, Manchester. 

1871. ICowper, C. E. 3 Great Gcorgo—troet, Westminster, S.W. 

1860. ICowper, Edward Alfred, M.I.C.E. 6 Great George-street, West- 
minster, S.W. 

1867. *Oox, Edward. 18 Windsor-street, Dundee. 

1807. ‘Cox, George Addison. Beeclnvood, Dundee. 

1867. JCox, James. Clement Park, Looliee, Dundee. 

1870. "Cox, James. 8 Falknor-square, Liverpool. 

Cox, Robert. 25 Rutland-street, Ediubs.i.h. 

1867. *Cox, Thomas Hunter. Dunearse, Dundee. 

1867. I Cox, William. Foggley, Locliee, by Dundee, 

1866 *Cox, William H. 50 Newhall-street, Biniiumliiim. 

1871. ' ICox, William J. 2 W -A Leith. 

Craig, J. T. Gibson, I It - I . 21 1 ork-place, Edinburgh. 

1859. t Craig, S. The Wallands, Lewex, Sussex. 

1870. §Cramb, John. Larch Villa, Heb nsbiivali, Tv.L. 

1857. jCrampton.Rev. Josiah. The Rectory, Florence-court, Co. Fermanagh, 

Ireland. 

1858. 1 Cranage, Edward, Th.D. The Old Hall, Wellington, Shropshire. 

1870. § Crawford, Chalmond, M.P. Ridemon, Crosscar. 

1871. ‘Crawford, William Caldwell, Eagle Foundry, Port Dundas, Glasgow. 
1871. tCrawshaw, Edward. Burnley, Lancashire. 

1870. ‘Crawsbay, Mrs. Robert. Cyfarthfa Castle, Merthyr Tydvil. 

1876. ‘Crewdson, Rev. George. St George’s Vieira _••. K -idal. 

Crtyke, The Venerable Archdeacon. ! "»' .1 1 ■ -m I », r> y Rectory, Tad- 


caster. 

X Orocker f Edwin , ECS. 70 Ilim go ford-road , Holloway, London, N. 

+ Crofts, John. Rill ary-pl ace, Leeds. 

tCroll, A. A. 10 Coleman-street, London, E.C. 

JCrolly, Lev. George. Maynootli College, Ireland, 
t Crompton, Charles , M.A. . 

♦Crompton, Rev. Joseph, M.A. Bracondale, JNorwieh. 

1 Cronin, William. 4 Brunei- terrace, 1 

I Crookes, Joseph. Marlborough House, Brooic Lvreen, Hammersmith, 
London, W. , _ ,, 

§C»ookes, William, F.R.S., F.C.S. 20 Mornington-rcad, Regent’s 
Park, London, N.W. 

ICropper, Rev. John. Wareham, Dorsetshire. 
tCrosfleld, O. J. 16 Alexandra-drive, Prince s Park, Liverpool. 
‘Crosfield, William, jun. 16 Alexandra-drive, Pnnce’sPark, Liverpool. 
JCrosfield, William, sen. Annesley, \inb:inb. Liverpool. _ 
t Cross, Rev. John Edward, M.A. Appleby Vicarage, near Bngg. 

J Crosse, Thomas William. St. Giles's- street, Norwich, 

c 2 
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1867. §Crosskey, Rev. II. W., F.G.S. 28 George-road, Edgbaston, Bir- 
mingham. 

1853. jCrosskill, William, C.E. Beverley, Yorkshire. 

1870. *Crossley, Edward, F.R.A.S. Bermerside, Halifax. 

1871. JCrossley, Herbert. Broomfield, Halifax. 

18GG. *Crossley, Louis J., F.M.S. Moorside Observatory, near Halifax. 
1861. § Crowley, Henry. Smedlev New Hall, Cheetham, Manchester. 

1803. JCruddas, George. Elswick Engine Works, Newcastle-on-Tyne. 

1860. JCruickshank, John. City of Glasgow Bank, Aberdeen, 

1859. JCruickshank, Provost. Macduff, Aberdeen. 

1873. § Crust, Walter. Hall-street, Spalding. 

Culley, Robert. Bank of Ireland, Dublin. 

1859. J Gumming, Sir A. P. Gordon, Bart. Altyre. 

1874. JCumming, Professor. 33 WeUington-place, Belfast. 

1876. §Cunlif, Richard S. Carlton House, Stirling. 

1861. *Cunliffe, Edward Thomas. The Elms, Ilandforth, Manchester. 

1861. *Cunliffe, Peter Gibson. The Elms, Ilandforth, Manchester. 

1852. J~ . ' ’ John. Macedon, near Belfast. 

1869, J* ■■ ■< ", Professor Robert 0., M.D., F.L.S. Queen’s College, 

Belfast. 

1855. JCimiiinjfiam, William A. Manchester and Liverpool District Bank, 
Manchester. 

1850. J Cunningham, Rev. William Bruce. Prestonpans, Scotland. 

1806. . :■ *. John. 68 Oakley-square, Bedford New Town, London, 

N.VV. 

1867, *Cursetjec 7 Manockjee, F.R.S.A., Judge of Bombay. Villa-Byculla, 
Bombay. 

1857. JCuirris, Professor Arthur Hill, LL.D. Queen’s College, Galway. 
180G. J Cusim, Rev. F. L. 

1834. *Cutlibert, John Richmond. 40 Chapel-street, Liverpool. 

1863. JDaglisli, John. Hetton, Durham. 

1854. JDaglish, Robert, C.E. Orrell Cottage, near Wigan. 

1863. JDale, J. B. South Shields. 

1853. JDale, Rev. P. Steele, M.A. Hollingfare, Warrington. 

1865. JDale, Rev. R. W. 12 Calthorpe-street, Birmingham. 

1867. JDaJgleish, W Dundee. 

1870. J Dallingcr, Rev. TV. IL 

Dalmahoy, James, F.R.S.E. 9 Forres-street, Edinburgh. 

1859. JDalrymple, Charles Elphinstone. West Hall, Aberdeenshire, 

1859, JDalrymple, Colonel. Troup, Scotland. 

Dalton, Edward, LL.D., F.S.A. Dunkirk House, Nailsworth. 
*Dalton, Rev. J. E., B.D. Seagrave, T. 1- h 
Dalziel, John, M.D, Holm of Drumlanrig, Thornhill, Dumfries- 
shire. 

1862. JDanby, T. W. Downing College, Cambridge. 

1859. JDancer, J. B., F.R.A.S. Old Manor House, Ardwick, Manchester. 
1873. J Danchill, F. IL Vale Hall , Hortcich , Bolton , Lancashire . 

1876. §Dansken, John. 4 Eldon-terrace, Partickhill, Glasgow. 

1849. * Damon, Joseph , F.C.K 

1861. *Darbisiiire, Robert Dukinfield, B.A., F.G.S. 26 George-street, 
Manchester. 

1876. §Darling, G. Erskine. 247 West George-street, Glasgow. 

Darwin, Charles R., M. A., F.R.S., F.L.S., F.G.S., lion. F.R.S.E., 
and M.R.I.A. Down, near Bromley, Kent. 

1848. JDaSilva, Johnson, Burntwood, Wandsworth Common. London. 

S.W. ’ ’ 
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1872. § Davenport, Jolm T. 64 Marine Parade, Bright on. 

Davey, Richard, F.G.S. Redruth, Cornwall. 

1870. {Davidson, Alexander, M.D. 8 Peel-street, Toxtetli Park, Liverpool. 
1859. {Davidson, Charles. Grove House, Auchmull, Aberdeen. 

1871. § Davidson, James. Newbattle, Dalkeith, N.B. 

1859. {Davidson, Patrick. Inchmarlo, near Aberdeen. 

1872. JDayidson, Thomas, F.R.S., F.G.S. 8 Leopold-road, Brighton. 
1808. \Davie, Bev. W. C. 

1875. ijpavies, David. 2 Queen’s-square, Bristol. 

2870. JDavies, Edward, F.C.S. Royal Institution, Liverpool. 

1803. t Davies, Griffith. 17 Cloud esley-street, Islington, London , N. 

Davies, John Birt, M.D. The Laurels, Edgbaston, Birmingham. 
1842. Pavies-Colley, Dr. Thomas. 40 Whitefriars, Chester. 

1873. *Davis, Alfred. Sun Foundry, Leeds. 

1870. # Davis, A. S. Roundhav Villa, Leckhampton-road, Cheltenham. 

1804. JDavis, Charles E., F.S.A. 55 Pulteney-street, Bath. 

Davis, Rev. David, B.A. Lancaster. 

1873. "‘Davis, James W. Albert House, Greetland, near Halifax. 

1856. *I)ayis, Sir John Francis, Bart., K.C.B., F.R.S., F.R.G.S. Holly- 

wood, Westbury by Bristol. 

1859. JDayih, J. Barnard, M.l)., F.R.S., F.S.A. Shelton, Hanley, Staf- 
fordshire. 

1859. *Pavie, Richard, F.L.S. 9 St. Helen s-place, London, E.O. 

1873. tDavis, William Samuel. 1 C i - V • D- rhy. 

1864. *Pavison, Richard. Beverley-:- d. 't- P'.i". Yorkshire. 

1857. tDavy, Edmund W., M.D. Kimmage Lodge, Roundtown, near 

Dublin. 

1869. JDaw, Jolm. Mount Radford, Exeter. 

1869. fDaw, R. M. Bedford-circus, Exeter. 

1854. # Dawbarn, William. Elmswood, Aigburth, Liverpool. 

Dawes, John Samuel, F.G.S. Lappel Lodge, Quinton, near Bir- 


mingham. 

1860. *Dawes, John T., jun. 


Terry Hill House, Quinton, near Birming- 


JDawkins* W. Boyd, M.A., F.R.S., F.G.S., F.S.A. Birchview, Nor- 

mnn-road, Rush ol me, Manchester. 

, JJ Dawson j George , M.A. Shenstone , Lichfield . 

Dawson, John. Barley House, Exeter. . 1 

JDawson, John W., M.A., LL.I).,F.R.S., F.G.S., Principal of M Gill 
College, Montreal, Canada. 

* Dawson, Captain William G. Plumstead Common-road, Kent, 
S F * 

{Dav, St." John Vincent, C.E., F.R.S.E. 166 Buchanan-strcet, 
Glasgow. 

§ Deacon, G. F., M.I.O.E. Rock Ferry, Liverpool. 

{Deacon, Henry. Appleton House, near Warrington. 

\ Deacon, Henry TVade. 

{Dean, David. ' Banchory, Aberdeen. 

{Dean, Henry. Colne, Lancashire. . , 

’Deane, Rev. George, D.Sc., B.A., F.G.S. Moseley, Lm.iineham. 
{Debus, Heinrich, Ph.D., F.R.S., F.C.S. Lecturer on Chemistry 
at Guy’s Hospital, London, S.E. „ _ c( ^ ri c , _ „ 

*De La Rue, Warren, D.C.L., Ph.D., F.R.S., F.C.S., F.R.A.S. 

73 Portland-place, London, W. , , _ 

IDe Meschin, Thomas, M.A., LL.D. 3 Middle Temple-lane, Tem- 
ple, London, E.C. . 

Denchar, John. Momingside, Edinburgh. 
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1875. §Penny, William. Seven Shipyard, Dumbarton. 

Dent, William Yerhury. Royal Arsenal, Woolwich. 

1870. *l)enton, J. Dailey. 22 Whitehall-place, London, S.W. 

1874. §De Rance, Charles E., F.G.S. 28 Jernryn-street, London. S.W* 

1850. *Derby, The Right Hon. the Earl of, LL.D.;F.R.S., F.R.G.S. 23 St. 

James’s-square, London, S.W. j and Knowsley, near Liver- 
pool. 

1874. * Derli am, Walter, B. A., F.G.S. Ilenleaze Park, Westbury-on-Trym, 
Bristol. 

I)e Smonarez, Mev. Ilavilland , M.A. St. Peter's Rectory, NorthamiAon . 

1870. {Desmond, Dr. 44 Irvine-street, Edge Hill, Liverpool. 

1808. {Desse, Etheldred, M.B., F.R.C.S. 4*3 Kensington Gardens-square, 
Bays water, London, W. 

De Tabley, George, Lord, F.Z.S. Tabiey House, Knutsford, 
Cheshire. 

1869. {Devon, The Right Hon. the Earl of, D.C.L. Powderham Castle, 

near Exeter. 

^Devonshire, TIis Grace the Duke of, K.G., M.A., LL.D., F.R.S., 
F.G.S. , E R.G.S., Chancellor of the University of Cambridge. 
Devonshire House, Piccadilh r , London, W. ; and Chatswortk, 
Derbyshire. 

1808. {Dewar, James, M.A., F.R.S.E., Fullerian Professor of Chemistry 
in the Royal Institution, London, and Jacksonian Professor of 
Natural Philosophy in the University of Cambridge. Cambridge. 

1872. {Dewick, Rev. E. S. The College, Eastbourne, Sussex. 

1873. *l)e\v-Smith, A. G. 7a Eaton-square, London, S.W. 

1858. {I)ibb, Thomas Townend. Little Woodhouse, Leeds. 

1852. {Dickie, George, M.A., M.D., F.L.S., Professor of Botany in the 

University of Aberdeen. 

1864. ^Dickinson, F. II., F.G.S. Kingweston, Sonierton, Taunton; and 121 

St. George’s-square, London, S.W. 

1863. {Dickinson, G. T. Claremont-place, Newcastle-on-Tyne. 

1861. *Dickinson, William Leeson. Ilalam, near Southwell, Nottingham- 

shire. 

1807. ;D,« \i i \w«i a . M.D., Professor of Botany in the University of 

Glasgow. 11 Royal-circus, EJiiiburuli. 

1870. §Dickson, Gavin Irving. 37 West George-street, Glasgow. 

1862. *Dilkr, Sir Charles Wentworth, Bart., M.P., F.R.G.S. 76 

Sloaue-street, London, S.W* 

1848. {Dillwyn, Lewis Llewelyn, M.P., F.L.S., F.G.S. Parkwern near 
Swansea. 

1872. §Dines, George. Woodside, IJersham, Walton-on-Thames. 

1869. ^DiaN \ Elward. 19 Kiim— hvH , Tavistock. 

1859. *1 »■■■.* '*‘. I.* »v. J. Lanchester Vicarage, Durham. 

1876. i I » v! . 'il, Arthur. 12 Tavi ton -street, Gordon-square, London, W.O. 
1868. {Dittmar, p iW. Andersonian University, Glasgow. 

1874. *Dixon, A. E. Dunowen, Cliftonville, Belfast. 

1853. {Dixon, Edward, M.I.C.E. Wilton House, Southampton. 

1865. \Dixon, L. 

1861. J Dixon, W. Hep worth, F.S.A., F.R.G.S. 6 St. James’s-teiyace, 
Rege ill's- park, London, N.W. 

*Dobbin, Leonard, M.R.I.A. 27 Gardiner’s-place, Dublin. 

1851. {Dobbin. Orlando T., LL.D., M.R.I.A. Ballivor, Kells, Po. Mea{K 

1860. *Dobbs, Archibald Edward, M.A. 34 Westbourne Parh, London, W. 

1864. *Dobson, William. Oakwood, Bathwick Hill, Bath. 

Roekray, Benjamin . 

1875. *Docwra, George, juu. Grosvenor-road, Handsworth, Birmingham. 
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1870. 

1874. 

1876. 

1857. 


1851. 

1867. 

1867. 

1873. 
I860. 
1871. 

1874. 
1801. 
1857. 

1857. 

1867. 

1871. 
1803. 
1876. 

1855. 
1870. 
1876. 

1857. 

1872. 
1865. 
1808. 

1873. 

1869. 

1865. 

1872. 

1874. 
1859. 

1866. 
1863. 

1870. 

1856. 


1870. 

18G7. 


1852. 

1875. 

1859. 

]859. 

1866. 

1871. 


*Dodd, John. 6 Thomas -street, Liverpool. 

XDodd, IF. JL, M.A. Mount joy-street , Dublin, 

JDodds, J. M. 15 Sandyiord-plaee, Glasgow. 

X Dodds, Thomas W. % C.K Rotherham . 

*Dodswortli, Benjamin. Burton House, Scarborough. 

*Dod8worth, George. The Mount, York. 

Dolphin, John. Delves House, Berry Edge, near Gateshead. 
tDomvile, William C., F.Z.S. Thom Ilill, Bray, Dublin. 
tI)on, John. The T. ■ L ■. Bi.ai J.ty Ferry, by Dundee. 

{Don, William G. >i M. rje. ; Droughty Ferry, by Dundee. 
{Donham, Thomas. Jlnddersfield. 

JDonisthorpe, G. T. St. David’s Ilill, Exeter. 

X Donkin, Arthur Scott, M.D. Sunderland. 
t Donnell, Professor, M.A. 28 Upper Sackville-street, Dublin. 

J Donnelly, Captain, R.E. South Kensington Museum, London, W. 
*11onnelly, AVilliam, O.B., Registrar-General for Ireland. Charle- 
mont House, Dublin. 

tDonovan, M., M.R.I.A. Glare-street, Dublin. 

IDougall, Andrew Maitland, R.N. Scotscraig, Tayport, kites hire, 
f Dougall, John, M.D. 2 Ceeil-place, Paisley-road, Glasgow. 
*Douyhty, C. Montoya. 

* Douglas, Rev. G. O. M. 10 ITtzroy-place, Glasgow. 

{Dove, Hector. Rose Cottage, Trinity, near Edinburgh. 

{Dowie, J. M. AValstones, West Kirby, Liverpool. 

§ Dowie, Mrs. Muir. Waist ones, West Kirby, Liverpool. 

Downall, Rev. Johu. Okeliampton, Devon. . 

{Downing, S., LL 1>„ Professor of Civil Engineering m the University 
of Dublin. Dublin. 

* Dowson, Edward, M.D. 117 Park-street, London, AA . 

*Dowson, E. Theodore. Geldeston, near Beccles, Suffolk. 

§Dresser, Henry E., F.Z.S. 6 Tenterden-street, Hanover-square, 
London, AV. 

§Drow, Frederick, LL.I)., F.G.S. Claremont-road, Surbiton. 

§Draw, Joseph, LL.I>., F.R.A.S., F.G.S. Weymouth. 

{Drew, Robert A. 6 Stanlgy-place, Duke-street, Broiiglnon, Man- 
chester. . 

*Drnce, Frederick. 27 Oriental-place, Brighton. 

{Druitt, Charles. Hampden-terrace, Rugby-road, Beliast. 
t Drnmn\ond, Robert. 17 Stratton Street , London , II * T 

♦Dry, Thomas. 23 Gloueester-road, Regent’s Park, London, IN. W. 
t Dry den, James. South Denicell , Northumbei'land. 

Ulrvsdale. J. J., M.D. 36 a Rodney-street, Liverpool. 

♦Ducie, The Right Hon. Henry John Reynolds Moretpn, Earl 
of, F.R.S., F.G.S. 16 Portman-square, London, W. j and iort- 
worth Court, AVotton-undcr-Edge. , 

t Duckworth, Henry, F.L.S., F.G.S. 5 ^ook-street Iaverpool. 

*Duff, Mountstuart Ephinstonk Grant-, EE.B., M.P. 4 Queen s 
- L M».b u South Kensington, London, W . ; and Eden, near 

Banff, Scotland. ^ tr o n 

tDufierin and Olaneboye, The Right lion, the Earl of, K.l K.L.B. f 
F R.S. Government House, Ottawa, Canada. . 

SDuffin, C. L’Eslranffo, C.K. Rathkeale, Do. Limerick. 

*Duncan, Alexander. 7 Prince’s -gate, London, o. VV . 

{Duncan, Charles. 52 Union-place, Aberdeen. ^ _ 

*Duncan, James. 71 Cromwell-road, South Tvu-.-.lNoii. London, W. 
Duncan, J. F., M.D. 8 Upper Merri on-street, Dublin. 

JDuncan’ James Matthew, M.D. 30 Chm ' . TMmbuiyh. 
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1807. IDuncan, Fkter Martin, M.B.,F.R.S.,F.G.S., Pi-ofepsorof GeoloR- 
in King’s College, London. 99 Abbey-road, St. John s Wood, 
London, N.W. < 

Dunlop y Alexander. Clober , Milngavie, near Glasgow . 

1853. * Dunlop, William Henry. Annanbill, Kilmarnock, Ayrshire. 

1865. {Dunn, David. Annet Ilouse, Skelmorlie, by Greenock, N.B. 

1876, *Dunn, James. 64 Robertson-street, Glasgow. 

' n n, XT r Tl . i x Di 3 T \\T I T 


Dunnington- Jefferson, Kev. Josepn, JM.A., l .^.x .o. micjiti xitui, 
York 

1859. JDuns, Rev. John, D.D., F.R.S.E. New College, Edinburgh. 

1866 tDuprey, Perry. Woodbury Down, Stoke Newington, London, N. 
1869* JO’ Urban, W. S. M., F.L.S. 4 Queen- terrace, Mount Radford, 

1860. JDurham, Arthur Edward, F.R.C.S., F.L.S., Demonstrator of 

Anatomy, Guy’s Hospital. 82 Brook-street, Grosvenor-square, 
London, W. 

Dykes, Robert. Kilinorie, Torquay, Devon. 

1869. §Dymond, Edward E. Oaklands, Aspley Guise, Woburn. 

1808. tEade, Peter, M.D. Upper St. G iles’s-street, Norwich. 

1861. J Eads on, Richard. 13 Hyde-road, Manchester. 

1864. IJ Earle, llcv. A. 

# E VRNSjfAW, Rev. Samuel, M.A. 14 Broomfield, Sheffield. 

1874 $Eason, Charles. 30 Kenihvorth-square, Ratligar, Dublin. 

1871. *Easton Edward. 7 Delahay-stroet, Westminster, SAY. 

ISOa §Easton, .Tames. Nest House, Var Gateshead, Durham. 

1876. § Easton, John, C. E. Durie House, Ahercromby-street, Helensburgh, 
N.B. 

Eaton, Rev. George, M.A. The Pole, Nortliwich. 

1870. §Eaton, Richard. Basford, Nottingham. _ T . 

Ebden, Rev. James Collett, M. A., F.R.A.S. Great Stukeley A icarage, 
Huntingdonshire. 

1867. %Eckerslcy, James. . ^ ^ . 

1861. fEcroyd, William Farrer. Spring Cottage, near Burnley. 

1858. ♦Eddison, Francis. Martinstown, Dorchester. 

1870. ♦Eddison, Dr. John Edwin. 29 Park-square, Leeds. 

♦Eddy, James Ray, F.G.S. Carleton Grange, Skipton. 

Eden, Thomas. Talbot-road, Oxton. , 

♦Edgeworth, Michael P., F.L.S., F.R.A.S. Mastnm House, 
Anerley, London, S.E. 

1855. JEdmiston, Robert. Elmbank-crescent, Glasgow. 

1859. 1 Edmond, Janies. Cardens Ilaugh, Aberdeen. 

]870. *Edmonds, F. B. 8 York-place, Northern, Southampton. 


♦Edmonds, F. B. 
♦Edward, Allan. 
JEdward, Charles 
J Edward, James. 
Edwards, John. 


Farington Hall, Dundee, 


Chambers, 8 Bank-street, Dundee. 
Balruddery, Dundee. 


♦Edwards, Professor J. Baker, Ph.D., D.C.L. Montreal, Canada. 
jEdwards, William. 70 Princes-street, Dundee. 

♦Egerton, Sir Philip de Malpas Grey, Bart., M.P., F.R.S., F.G.S. 

Oiilton Park, Tarporley, Cheshire. 

♦Eisdale, David A., M.A. 38 Dublin-street, Edinburgh. 

JFlcock, Charles. 39 Lyme -street, Shakspere-street, Ardwick, Man- 
chester 

fElder, Mrs. 6 Claremont-terrace, Glasgow. 
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3868. J Eiger, Thomas Gwvn Empy, F.H.A.8, St. Mary, Bedford. 

Ellacombe, Rev. H. T., F.S.A. Clyst, St. George, Topsham, Devon. 

1863. T" ' ■ J. L. Worksop. 

1855. J , i. ■, F.B.S.E. Wolfelee, Ilawiclc, N.B. 

18G1. * Elliot, Sir Walteii, K.C.S.I., F.L.S. Wolfelee, Hawick, N.B. 

1864. JElliott, E. B. Washington, United States. 

1872. J Elliott, Rev. E. B. 13 Kussex-smiare, Kemp Town, Brighton. 

Elliott, John Fogg. Elvet Ilill, Durham. 

1864. *Ellis, Alexander John, B.A., F.R.S., F.S.A. 25 Argyll-road, 
K* n-i n_r i ■ ■’i, London, W. 

1877. §Ellis, A j iJuir I '« vonshire. School of Mines, Jcrmyn-atreet, London, 
S.W. ; and Tliurnscoe Hall, Rotherham, Yorkshire. 

1875. *Ellis, IT. D. Fair Park House, Exeter. 

3850. JEllis, Henry S., F.R.A.S. Fair Park, Exeter. 

1864. *Ellis, Joseph. Hampton Lodge, Brighton. 

1864. JEllis, J. Walter. High House, Thornwaite, Ripley, Yorkshiie. 

*Ellis, Rev. Robert, A.M. The Institute, St. Saviours Gate, 
York. 

1874. *Ellis, Sydney. The Newark e, Leicester. 

1860. JEllis, "William Horton. Pennsylvania, Exeter. 

Ellnian, Rev. E. B. Berwick Rectory, near Le'wes, Sussex. 

1862. JElphinstone, H. W r ., M.A., F.L.S. Cadogan-place, London, SAV. 

El toft, Willi aw. 

3863. } Em blet on, Deunis, M.I). Northumberland-street, Newcastle-on- 
Ta ne. 

1863. } Emery, Rev. W., B.I). Corpus Christ i College, Cambridge. 

1858. :|Empson, Christopher. Braniliope Hall, Leeds. 

1866. j Enfield, Richard. Low Pavement, Fi'm. 

1866. JEnfield, William. Low Lnement, !i m. 

1871. %Enc/ehon, T. 11 J'orthmd-terrace, Regent'* Pm 7:, Lnalon, N.W. 
1853. JEnglish, Edgar "Wilkins. Yorkshire Banking Company, 1 owgato, 

Hull. 

1800. |Enjl'di, J. T. Stratton, Cornwall. 

3‘] n m " k 1 1 ! i \. The Right Hon. WTlltam Willoughby, Earl of, 

D. C.L., F.R.S., MIMA, F.G S. 65 Eat on-place, London, 
S.W r . ; and Florence Court, Fermanagh, Ireland. 

1860. JEnsor, Thomas. St. Leonards, Exeter. 

1860. *Enys, John Davis. 33 C . Hyde Park, London, W. 

1844. {Enchsen, John Eric, F.R.&., h.R.U.r^., Professor of Clinical Surgery 
in University College, London. 0 Cavendish-place, London, W r . 

1864. *Eskrigge, R. A., F.G.S. 18 Hackins-hoy, Liverpool. 

3862. *Fsson, William, M.A.,F.R.S., F.C.S., F.R.A.S. Merton College ; 
and 1 Bradmore-road, Oxford. 

Estcourt, Rev. W 7 . J. B. Long New*ton, Tetbury. 

1860. } Etheridge, Robert, E.R.S.L. & E., F.G.S., Palaeontologist to the 

Geological Survey of Great Britain. Museum of Practical 
Geology, Jermyn- street; and 10 Halsey-street, Cadogan-place, 
London, S.W. 

1870. *Evans, Arthur John, F.S.A. Nash Mills, ITemel Hempstead. 

1805. *Evans, Rev. Charles, M.A. The Rectory, Solihull, Birmingham 

1872. *Evans, Frederick J., C.E. Clayponds, Brentford, Middlesex, W* 

1876. §Evans, Captain Frederick J. O., C.B., R.N., F.R.S., F.R.A.S,, 

F.R.G.S., ITmI ■ i . . i v *1 1 the Admiralty. 116 Victoria-street, 

Westminster, r^.W. 

1869. *Evans, H. Saville W. W T imhledon Park House, W 7 imbledon, 
S.W. 

1861. * Evan s, John, F.R.S., F.S.A., F.G.S. 65 Old Bailey, London, 

E. C. ; and Nash Mills, Hemel Hempstead. 
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1876. § Evans, Mortimer, C.E, 97 West Recent-street, Glasgow. 

1865. {Evans, Sebastian, M.A., LL.l). High.: am. near Birmingham. 

1875. {Evans, Sparke. 3 Apsloy-road, Clifton, J Bristol. 

1866. {Evans, Thomas, F.G.S. Belper, Derbyshire. . , 

1865. * Evans, William. Ellerslie, Augustus-road, T . ■ L .. ■ l,, s- 

1871. §Eve, H. W. Wellington College, Wokingham, BerKsinre. 

1868. *Everett, J. I)., D.C.L., F.R.S.E., Professor of Natural Philosophy in 
Queen’s College, Belfast. Rushmere, Malone-road, Belfast. 
1863. # Everitt, George Allen, F.R.G.S. Knowle Hall, Warwickshire. 
1874. J Ewart, William. Glenmaclian, Belfast. 

1874. {Ewart, W. Quartus. Glenmaclian, Belfast. 

X859. * E wing, Archibald. Orr, M.P. Ballikinrain Castle, Killearn, Stirling- 
shire. 

1876. # Ewing, James Alfred. 22 Tndia-street, Edinburgh. 

1871. *Exley, John T., M.A. 1 Cotham-road, Bristol. 

1846. *Eyre, George Edward, F.G.S., F.R.G.S. 59 Lowndes-squnre, 
London, S.W. ; and Warren’s, near Lyndhurst, Hants. 

I860. {Eyre, Major-General Sir Vincent, F.R.G.S. Athenaeum Club, 
Pall Mall, London, S.W. 

Eyton, Charles, llendred House, Abingdon. 

1849. {Eyton, T. C. Eyton, near Wellington, Salop. 


Fairbairn, Thomas. Manchester. 

{Fairley, Thomas, F.R.S.E. 8 Newton-grove. Leeds. 

{Fairlie, Robert, ( \E. Woodlands, Clapham Common, London, 8. \\ . 

{Falkner, F. II. Lynconibe, Bath. 

{Farq uli arson, Robert O. TToiinh Lon. Aberdeen. 

§Farr, William, M.D., D.C.L., F.R.S., Superintendent of the Statis- 
tical Department, G cneral Register Oiiice, London. Southlands, 
Bickley, Kent. _ A _ y 

*Farrar, Rev. Frederick William, R.D., F.R.S., Canon of V est- 
minster. St. Margaret’s Rectory, Westminster, S.W. 

{Farrelly, Rev. Thomas. Royal College, Maynooth. 

•Faulconer, R. S. Fairlawn, Clarence-road, Clapham Park, London, 
S.W. 

*Faulding, Joseph. The Grange, Greenhill Tark, New Barnet, 
Herts. 

{Faulding, W. F. Didsbury College, Mancliester. . t 

* Fawcett, Henry, M.A., M.P., Professor of Political Economy in the 
University of Cambridge. 51 The Lawn, South Lambeth-road, 
London, W. ; and 8 Triin.pimrh)n v :rcet, Cambridge. 
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